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A veling & Porter, | Poa 


Rocugsres, Kerr, 

(Branch of Agricultural & General Engineers, Ltd.) 
STEAM ROLLERS. ROAD SCARIFIERS, 
CONVERTIBLE TRACTION ENGINES 

AND ROLLERS. 7667 
TRACTION ENGINES. TRACTORS. 
STEAM CULTIVATING MACHINERY. 


arrow & Co.,.Ltd., 


SHIPBUILDERS —_, BNGINEERS, 


UP TO 46 ILES OUR. 


SPEEDS UP AN HO 
PADDLE OR SCHKu.. STBAMBRS OF 
CEPTIONAL SmaLLow Draveur. 


Repairs on Pacific Coast 
by YARROWS, Term. Victoria, British 


1168 
SHIPBUILDERS, SHrp REPAIRERS AND ENGINEERS, 


avles Limite ., 
ane eae nRATERS.” eee, TES 


a 


R 


w Ghaaieneaer i mranceaiils.: ‘Pp 


CONDENSERS, AIR HEAT 
Merrill's Patent TWIN ST 


8 
SYPHONTA STBAM TRAPS 
cl, GUNMRET. 


AL 
ATER SOFTENING and FILTERING. 5128 


J 
FPS for Pump 


° arrow Patent 


Ca) ster-Tube 
—W iw & OO., 


YARRO’ UNDERTAKE the 
PR 1S81NG and MACHINING of the varioun parte 
of Yarrow such as the Steam 

Pockets, and or British and 

Firms not ii) 


u 
@ necessary 
YARROW & "ho ine aD. Solnprowe, Giaseow. 


oilers. 





A (iF M 22XFord, L 


CULVER STREET WORKS, COLCHESTER. 
Ow ApmrInaLry axp Wak Orrice Lists. 
BNGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 
See Advertisement, pages 33 and 59, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
n as 6u 
And Auxiliary — ran’ hey pplied to a 





J ohn H. Wilson & Co.,Ltd. 


Birkenhead. 


See Illustrated Advertisement 
Page 117, Dec. 12. 


Locomotive hunting > 


Steam and Eiectric 


ranes, 


BXOAVATORS, CRANB-NAVVIES, GRABS, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 
6770 
Lists ov SranpaRp Sizes on APPLICATION, 


London Office 
15, VICTORIA STREBT, 8.W. 1. 


(aig & Donald, Ltd., Machine 
MAKERS, Jounston:, near Glasgow. 
For class of Machine Tools see our a 


Advertisement every alternate week, 
OBANTIBES & ATHLIHRS 


A we2stin - Normand 


67, de Perrey—LE HAVRE 
Cree (France). 








Destroyers, 
and Boats. 
NORMAN D'S Patent Water-tube Boilers, a or Ol} 
Heating. Engines 
ctr ic 


. Diese! Ol! 
K le | ifts 
(UP TO 3% ‘&% TONS.) wis 
8. H. HEYWOOD & ©O., LTD., 
EDDISH 


Gteam Hammers (with or 


nd-worked or self-acti: 
TOOLS for Si for 8 ‘BU ious & BOILERMAKE 


8322 
DAVIS 4 PRIMROSE, Laarrep,Lurrs,Epursunes. 


Brett's Patent Ljiter Co: 
Hammers, I Presses, Furnaces, 
Borer, Dorling & Co., Lid., 


BRADFORD. 
HIGH-CLASS BNG: FOR ALL PURPOSES. 
also WINDING, HAULING, AIR COMPRESSING 
and PUMPING ENGINES. 

















ranes.—Electric, Steam, 
SE DRATSIS a HAND, 


of all and sizes. 
G@RORGE RU EBLL&CO.,LrpD., 
near Glasgow. 8207 


Wek d less-Steel Tub es 
eg ea Ne RAMEN au 








(Sampbells & Hater, LL 
SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 





Built complete with Steam, Oil or Petrol 
Motors ; or Machinery supplied. Od 3551 


VOSPSR & CO., Lrp., Broap Street, Porrsmours. 
MULTITUBULAR AND 
(Cochran CROSS-TU BE TYPES. 
Boulers. 
See page 17, Jan. 30. 8205 


Ky lectric (ranes. 


_ 8143 
8. H. HEYWOOD & OO., LTD., 
REDDISH. 











FOR 
rop forgings 


write 
GARTSHERRIE ENGINEERING & FORGE CO., 
50, Wellington Street, Glasgow. 7898 


Se 





arators 


6686 
Sryisin 


ank Geksusiives 
Specification and be! yremmaom =o equal to 


Main Line Locom: 


R. & W. HAWTHORN, LESLIB & & OO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 


Hy xcavators. 








FROM 50-TO 600 YARDS PER HOUR. 


D, Whiter, 


1, Umton Sraeer, 
LEICESTER. 


547) LONDO 


* “°¥ achts, Launches or- Barges| ¥ 


8208 Loupon; B. 


[tubes and 


IRON AND Fittings, 
dabei and L oyd’s, L4 


1, OSWALD ST., GLASGOW 
BROA STRERT CHAMBERS, BIRMINGHAM ; 
and NDON — 
Wincuester Hous aD Street, B.C. 
ib61 Urn THaMns Sr., 8.0. 
UsSH—63, P PaRADISE Sr. 
ER WARBHOUSE. sc, DeansearTe. 
CARDIFF Age tt Bours 87. 
BIRMINGHAM WARBHOUS"S—Nitze Sreeer, 
Saskseoase SrrReet, and 10, VcaEsHrLL STREET. 
See Advertisement page 38. 8187 


16 inished (\astings |, 
production and reduce 
Write o+an by ctntneting machining operations. 
atte Ang ag re to SPaARKLETS re aourere: 

., Bamonton, London, N 


B F i Fire [ixtinguishers 


are foremost as fire fighters. No Acids. No Alkalis. 
Safe to use and always ready.—Bririsu FIRE ApPui- 
ancrs Co., Ltd., 109, Victoria St., London, 8.W. 1.. 


auges 
Stock. 











Newall Pinginesring Co. 


Proprietors, Peter Hooker, Lid.), 
: Lorpor, KE. 17. : 





ocomotive 
(SLEOTRIOQ). - 


8. H. HEYWOOD & & OO., LED., 
REDDISH. 
GOLD. MEDAL-Inventions Bxuisirion-Awanpep. 


uckham’ 8 Patent Sus Suspended 


WBIGHING MAC T FERRY 
ROAD ENGINEERING WORKS com PANY, Len. 
—H ydraulic Oranes, Grain Blevators, &c. 
See Illus. Advt. last week, page 15. 1977 


Rubber MANUFACTURERS. 








Suction 


Hose 3onn. 


GUTTA PERCHA & RUBBER, LIMITED, 
ane oad - «+ Onanada. 1635 





xs Q)pencer- { opwood ” Patent 


Sole Makers: Boilers. 
Ww. cane 1 & CO. wg HEktTs. 
See page 15, . 30. 7454 


The (Sambridge and pau 
[2strument 


COMPANY, LIMITED. 
Worxs: Cambridge and 
New Southgate, London, N, 11. 


J. Davis, M.1 Mech. E., 
ae Inapeeted, Tested and 

7 ena 378 tford. Wires Rs 

—Grea! R ieaters Rin Si 


rience. Tel.: 
emttord BR. 15. 





8194 





, London.” 





Railway Wat 


and GENERAL 
WELDLESS CHAINS, Lep., Costteiage. 


on Cow tal 


ee’s Hydro Pooumatic Ash Ej ector. 
Great saving of labour. No noise. = ee, No 


2oft. ag iak vessel.—Apply, 
F. 3. bee y' c+ abd & . Ne 








tects Surveyors, ‘a. Bi iter’ Bide Bidgs., Billiter 8t.., 
London, B.C. O4 4838 
i ese ] Driven. te a 
or 0 
Sieh Spe came eae ce 
Two Kw. gy Aes INKS, 
lo ye with #8 
Exhaust TURBINE SBT, Willans-B.0.0., 200 Kw., 
440/500 Volts. Comgiaee a 7 ith Condenser,Pumps, &c. 
West Walls, Newcastle-on-Tyne. 
pine ‘Ragince Railway 
seins Comey 
Onior-13, Victoria Street, 8.W. po 


MANUFACTURERS OF 
RAILWAY CARRIAG! WAGON & TRAMWAY 


CARRIAGE & WAGON IRO) 


RES, also 
CAST-STEEL AXLE XES. 


7824 
[[‘raversers 


8143 


1969 





») ohn Bellamy H imited, 
MILLWALL, LONDON, & 
GeweraL OowsTavcTionalL Byweiveens, 1216 


Boilers, Tanks & Mooring Buoys 


Sirius. Perrot T Arn Receivers, Street 
and VENTILaTINeG 
Prees, Hoppers, Sprcia Work, Reratns oF 
ALL KINDS. 
RAILWAY AND TRAMWAY ROLLING STOOK 


H=* Nelson & Ce» Li 


Tur Giaseow ~__re Srocx aNp PLarT oo 
MorTruERWELL. 


Hees, Wrightson & Co 


LIMITED. 








See Advertisement page 38, Jan. 30. 
ON ADMIRALTY LIST, 


ohn Kirkaldy, Ltd., 


London Office: 101, LeapewHai St., B.C. 8, 
Works; Bunwr Mimt, near Han.ow, Mesex. 


Makers of 

rating and Distilling Plants. 
Ref ting and Ice ng Machin 
Feed Water Heaters. 
Prods Water Distt 

W: llers, 
Main Feed pe. 
Combined Circulating and Air Pumps, 
Auxiliary Surface anes Soneeeneae 


Steel Qeeeinaes 


THOMAS SUMMBRSON & SONS, Lrp,, 
DARLINGTON, 





J 


ery. 








fi lectric 


8. H. HEYWOOD 2 00., LTD., 
REDDIS 


Leer 
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THE BRITISH ALUMINIUM O0O., 
109, Queen Victoria St., 


Lep., 
London, E.0. 4, 


, oS 
pot, ((aseels &Wwi 


MOTHEBRWELL, SOOTLAND- 





7840 
ieee page Advertisement page 88, Jan. 23, 





Iron and Steel 


I['ubes and Fittings. 


The Scottish Tube Co., Ltd., 


Heap Orricr: 34, Robertson Street, Glasgow. 





W. MacLellan, Limited, | sév 


& 
P. CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, wx mesic. s Og BE 


Chief Offices: 129, Trongate, Giaseow. O4 8647 


Registered Offices: 1084, Cannon St., London, B.C. 


sees riction 





~ 
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[Fun 6; 1530. 








[ihe Manchester Steam Users’ 
ton et A tee beter Bxplosions and 
For the prevent 
for the Attainment of Beenemy in the Application 
of of eam. 9, Mcowr Sraret, MaycHEesTeR. 
ief Bugineer: 0. B. STROMBYBE, M.1.0.B. 
Ooeanaed .854 by Srk WILLIAM FarRBaren. 
eee of Safety issued under the Factory and 
Act, 1901. Compensation for Damages 
aon S taektnion paid in case of Bxplosions. Engines 
aud Boilers inspected during ec construction. 1479 
he National Foremen’s 8 
ASSOCIATION or tH 
ENGINEERING AND ALLIED TRADES. 
(Registered under the Trade Unton Act.) 


An Association specially formed to look after the 
interests of Foremen on their Supervisory Capacit: ne. 


All com munications te— Head Offices— 
H. W. RBID, 81, High me x 
Genera! Secretary. London, W.O. 1. 


[=*. O.E. Exams.—Over 300 

by Correspond Coaching. Several 
potens. Sec. “CO” now pared. (Designs, Spect- 
cations and Quantities), A few vaca open. _ 
Address, 7434 Offices of BNGINERRING. 


((orrespondence Courses for 
Inst.0.B., I.Mech.B., Aut TECHNICAL 
Bxame. Special Courses and Bingle Subjects. 
Fees moderate.—For full rticulars , - Bo te 
Mr. TREVOR W. PHILLIPS, B.Sc. 
en ), AM.I.C.H., &c., 8-10, Trafford ema 
South John Street, ‘Liverpool 8071 


nst. O.E., I. Mech. E., B.Sc., 


and al) Bogineering Examinations.—Mr. G. P. 
KNOWLES, Assoc. M. Inst. O.B., F.8.1., 
M.R.San.1., PREPARES OANDIDATES personally 
or by correspondence. Hundreds successes. 
ng may aya ag at any time.—39, Victoria 

, Westminster, 8.W 8072 


A M.LC.E. and A.MLME. 


» Tuition. Alse Postal Courses in Mechanical 
ee Aircraft Design and Mathematics.— 
NiNiNG ONS, 254, Oxford Road, Manchester. 














TENDERS. 


INDIA OFFICE, ¥ WHITEHALL. 
TUE SBCRETARY OF F STATE FOR INDIA IN 
prepared to receive 


ais [lenders from such 


G sees mIDG Dens, on i 
I B t. Span. 
as Conditions may be obtained on 
to AY DIRECTOR GENERAL OF 
StOnnS. India Office, Whitehall, 8.W. 1, and 
Tenders are to be delivered ee that Office by Two 
o'clock p.m. on Friday, the-20th February, 1920, 

after which time no Tender will be received. 
J. STEBVENS, 

Acting Director-General ‘of Stores. 
_ Ath February, 1920. 


ADMINISTRATIVE COUNTY OF LONDON. 
LONDON COUNTY COUNCIL. 


The COUNCIL invites 


enders for the Manufacture 
d delivery of about 1340 TONS of CAST- 

IRON ‘PIERS, er 24 in. diameter, and 
casti g coorereny Bills o orange 


Form of Tonsier: PO rawin , on sy 
the Chief gen at the poh Il, Spring 
oa ent to the Cashier of the 


Gardens 8.W., upon pa 
Council of the sum o! his amount will be 
returnable only if the Tenderer have sent in 
@ bona fide Tender, and shall not have withdrawn 
the same, Full particulars may be obtained on 
personal application, and ents oy: = een ek 
and ether contract documents ma: 
the County Hall before the nent rot the t the An 
Tenders must be upon the offi forms. No tender 
received at the County Hall after 4 p.m. on Monday, 
23rd February, 1920 will be considered. 

Tne Council does not bind iteelf to accept the 


lowest or any tender. 
JAMES BIRD, 
Clerk of the London County ca x 
377 








THE ore INDIAN RAILWAY + i 
MITED, ate prepared to recei 


rlenders for the Supply ‘of 


il. STEEL AXLES FOR LOCOMOTIVES. 
2. 40 PAIRS WHEELS AND AXLES (for 


2 ft. oo. en ). 
orms of Tender ma 





a. fa 7 


MINISTRY OF MUNITIONS, 


BY DIRECTION OF THE DISPOSAL BOARD. 


(Textices, LeAtTwerR anp EquipMEntT SEcTION.) 


FOR SALB BY TENDER. 


MEN’S BIB TROUSHR OVERALLS. 
In Minimum Lots of 25. 


. ’ 
[Tenders are Invited for Men’s 
BIB TROUSER OVERALLS. 

These garments have Bib Fronts with braces and 
patent fasteners, small fly opening at front with 
two buttons, and vents and button at each side, 
two hip pockets at back, one pocket at left side of 
bib, and rule pocket at right side. 

They are good strong bigh clase garments made 
of stout cotton twill, drab colour and recommended 
for bard wear and durability. 

The garments are stored at FELTHAM, Middlesex, 
and are made in three sizes, small, medium and 
large, approximate equal quantities of each size 
being available. 

To be sold in Lots of not less than 25, mixed 
sizes. 

Tender Forms can be obtained on application to 
the CONTROLLER, D.B.3.b.2, Ministry of Muni- 
tions. Grosvenor Koad, London, 'S.W.1. elegraphic 
Address; Arconpim, London. Telephonic address : 
Victoria 3426, and are to be returned not later than 
10am. on MONDAY, lérm FEBRUARY, in the 
envelope provided for the purpose, 

The bulk may he ey on presentation of 

Form of Tender to the Officer Commanding, **Q” 
Stores Depot, Feltham, Middlesex, between the 
hours of 10 a.m. and 12 noon, and 2 p.m, and 4 p.m. 
on any day except Saturday. 
Samples representative of bulk may also be seen 
at: The Office of the Controller (D.B.3.».2.), 
Ministry of panttons, Grosvenor Koad, Pimlico, 
London, 8.W. 

City Ones, Ministry of Munitions Dis: 
Board, Holland House, ‘32, Bury Street, St. 
Axe, B.C. 3, and also at the following centres :— 
BELFAST.--Central Stores Dept. Depot, Victoria 

Street. 
BIRMINGHAM.—Ministry of Munitions, Room 15, 
1Ll, New Street. 


BRISTOL.—3, Unity Street, College Green. 
CARDLFF.—Ministry of Munitions, Room 26, Prin- 
cipality Buildings. 
COVENTRY —Ministry of Munitions, Chamt er bf 
Commerce, Masonic Bulldings. 
NUNDER.—Fiax Office, 10, Victoria Chambers. 
DUBLIN.—Ministry of Munitions, 124 Low B 
Birney 8, ow Baggot 
ee: —Pattern Room, Ministry of Munitions, 
W, St. Vincent Street. 
LERDS. tate of Commerce, 25, Park Row. 
LBEICESTER.—Chamber of Commerce, 3, Granby 
Street, 
LIVERPOOL,—Chamber of Commerce, Liverpool. 
ety eet Bit Dynes Buildings, Spring Gar. 
ene 
NOTTINGHAM.—Chamber of Commerce, Bidon 
Chambers, Wheeler Gate. 
NEWCASTLE.—Chamber of Commerce. 
PRESTON, LANCS,—Chamber of Commerce 
Fishergate. —_ 
Nore.—For foulare of other Governm 
Pro; for see Surplus, price oe atall ‘Book. 
stalls; or by quarterly subscription of 
le in to the of ft Bapticite: 
London, 


yg eee 
nistry of Munitions, Whitehall Place, 
§.W.1. D321 


ney 


ovntiuas at the Company's Offices, Finsbury 
ment House, E.C. 

Tenders po Poona to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked “ Tenders for Steel Axles,” or ar ‘enders for 
Wheels and Axles,” as the case may be, must be left 
with the undersigned not later than 2 p.m. on 
Tuesday, the 24th February, 1920. 

A charge, which will not be returned, will be 
made of 20s. for each copy of Specification No. 1, 
and 10s. for each copy of Specification Ne. 2. 
Copies of the drawings may be obtained at the 
office of Ropeat Wurre, Esq., M. Inst.C.B., Con- 
sulting Engineer to the Company, 3, Victoria Street, 
Westminster, . Ww. 

By Order, 
W. B. REYNOLDS, 
For Managing Director. 

Finsbury Pavement } eecsaps 

London, B.C. 
and "February, 1920, 


«a 


MINISTRY -OF MUNITIONS. 
BY DIRECTION OF THE DISPOSAL BUARD 
(PLaNT aND MacHINeERY Section). 


ave- 


D 405 





Ko Sale by Public Tender. 


PLANT AND MACHINERY. 


Tenders to - received not later than 10 a.m., 
PEBRUARY 28th 
‘STHAM WINCH. 
By Sykes, Lot No. 78, two cylinders, on channelled 
irons and sleepers. Vertical Boiler, 10 ft. by 4 ft. 
— four-wheeled trolley, 5000 ft. 6 m/m coil steel 


“Tne at the ya gata SCHOOL, LYDD. 
Ref. G. 1986, M.K 
wae can MILLS. 
entens Mills and Sey woe & Pestle, of 
pagewese, as No. 5 ou their catal: 
wre ng st the ROYAL GUNPOWD aR PACTORY 
(Lower en WALTHAM ABBBY. Ref. G. 1676 
M.K. 17628/32. 
BOOT MACHINERY. 
seer’ Machines with C.I, Stands. Ref. M.K. 
Kegent Sheers Power Presses. Ref. M.K. 
18520/18522., 
tomet womens Machines, Ref. M.K. 21543/4 (16 
ether 
ing at the R,A.O.D., PIMLICO. Ref. G. 1558. 
DISINFROTING MACHINE. 
Petrol-driven, by Chngten & Co, Tyne M., com- 
lete with two lengths o Armoured hose, each 15 ft. 
ong with couplings. The gas from this machine is 
effective within 20 minutes. Ref. G.1977 M.K. 21908. 
Lying at the BARRACKS, OSWESTRY 8.D. 
SILICOL PLANT AND TANK. 


Admiralty Type B, forthe preteen et 
Gas, Bey so by Messrs. 8. Cutler & pigeroees 
00 cu. ft. per ok, Overall Bp Ren Tn 
toon ety Ht ti ft, by bd tan Lng ren J soda tank Nag Pe 
. Tan 
Scrubber aes ~ Anas % bp. Motor for driving 
the stirring "or Eg at with starter, piping, 


valves, sta: 
— built of 
Ref. G. . 
sunee™ the BALLOUN STATION, SHBUKNESS, 


Faller t 
ee ee ae fs a 
ep poe ne Bal ya 1.e., Charing 
particulars of 
~ Lae 
Pruett ay, 


C. 2. 


tee 
or by 


2, 





_ 


th DEPARTMENT, Cou 





INTERNATIONAL COMPETITION. 


alborg Town Council’s 
co of ex ea IX Pontoon 
“| Bridge HEREBY INVITE DESIGNS for a New 
BRIDGE CONNECTION ACROSS RY 
LIMFJORD, BETWEEN AALBORG AN 
NORRESUNDBY (DENMARE). 
Three Prizes are offered, viz. :— 
st Prize ... ««. Kroner 10,000.00 
6,000.00 


2nd ,, ooo oes ” 
3rd ooo gee * 4,000.00 
The Committee furthermore reserve the right to 


purchase some plans which have received no prize, 


D 399 | at a sum of Kroner’2000.00 


each. 
The are to be submitted before September 


a with desert maps, eto., will be 
tursivkes in ag ~ * Ger: 
| merce gees OFFIC 
amount will be retanded to those who submit Lng 
in due time, or return the documents furnished in 
anda: we eee ol before the expiration of the 
time stipulated for com petition. 
HE in COMMITTEE OF KING CHR. Ix 
nes PONTOON BRIDGE, 
Aalbor, 
Jemuey Ist, 1920. C 992 


THE GREAT INDIAN PENINSULA RAILWAY 
COMPAR ANY. 





irectors are 


Tenders for the ‘Supply of the 


he sehr STORES, namely :— 
_ for regis ~ gE 
» * Steelwork for 10/- 


2. Sel ae Push eee 7/6 
3. Pia 4 oes 1/6 


lass, etc. 
4. Cloths, ~~ 10/- 
Specifications and Forms of Tender may be 
obtained at this Office on payment of the fee for the 
Specification, which payment will not be returned. 
The fee should accompany any application by 


Tenders must be delivered in se canoes nee, 
sealed and addressed to the un ersigned ma 
ve oe for Steelwork for Bridges,” or as the ram 
y be, not later than ne o'clock a.m., on 
Tusedag, the 17th Februar po gree 
irectors do not bind themselves to accept 
the lowest or any Tender. 
R. H. ee 


wee 


Company’s Offices, 
48, Copthall Avenue, B.C, 2. 
London, 4th February, 1920. 


«. BBB = 


MINISTRY OF MUNITIONS. 
BY DIRECTION OF THE DISPOSAL BOARD 
(PLantT aNp MacuHiInery SEcrI0n). 


Fo Sale by Public Tender :— 


CONTRAOTORS’ PLANT, 
LYING AT 
NEW a tame oe DEPOT, 





Comprising the following : 
2 ton Loco nes, nd Both D. il. 
5 ton Loco. Cranes, by Smith & (Grafton). 
3 ton Loco. Cranes with Grab, standard gauge. 
Whittaker Navvy 2 yd. Bucket. 
2 and 5 ton Hand Crabs, 
Petrol Kngines, epee and Pumps of different 

sizes and makes. 

. Engine, 2 ft. gauge. 

Petrol Tractor, 2 ft. gauge (Dorman & Stafford). 
wr a Tangye, Evans Pulsometer and 


Winget \Gonerete Block Making Machines with 


Winget Mixer, 3 cu. ft., complete with 2} HP. 
Sid Tip Wagons at dard 

e Ti agons, stan 0, 
Bin Yards, 2 tbs., 4 ft. pail ny 6 

Refuse Destr ody 
Tenders close Ten a.m., February 28th. 

Ref. G. 1320. 

Fall pt of the above, together with 
Tender Forms and Permits to View, can be obtained 
on application to the CONTROLLER, D. -y l.e., 
Charing Cross Embankment Buildings, W.C. 2 

Nore.—For iculare of other Goverament 
ee a4 for Sale, — SURPLUS, price 3d., at all 

is; or by quarterly subscription. of 2s. 
= free, itn able in advance to the Director of 
Londen 4. aos. of Munitions, Whitehall Tyee, 





APPOINTMENTS OPEN. 


A Large Firm of ineers 
¢ Midlands have an OPB 

yours’ A education as premium a the 

ceurse te include both works and drawing office. 

Address, 4359, Offices of Breinrraine. 


THE POLYTECHNIC SCHOOL OF 
ENGINEERIN 








Regent Street, W. 1. 


309, 
equired Immediatel 


for 
ECHANICAL BNGINEERI oe, 
WHOLE TIM& ASSISTANT, Honours me 


equivalent. (Day and Bvenin, work, ten eomstoma}. 
ms a come Cys 15, according to ex. 


DAPBEsii, OF seme mr ey arene from oe 





STAFFORDSHIRE EDUCATION COMMITTEE, tn 


pplications ai are Invited for 
T of HEAD of the BNGINEERING 
Technical Wed- 


and forms of « ‘ 
before MARCH Sup, may? 
BALFOOR, 
5 mr Kducation. 


BLACKBURN MUNICIPAL TEOHNICAL 
SCHOOL, 


AY Assistant _ Lecturer in 
Mechanical ‘Blectrical 
HQUIRED in famedintely. ——™ 
atlas og Witrrum wa. Bs M.A. BS. 
D 244 


UNIVERSITY OF BIRMINGHAM. 


CIVIL ENGINEERING eg Ty 
Professor F. C. Lea, D D.Se., M.Inst.0.B 


Appl lications ar are Invited for 


ag of LECTURER in the ay 
Pra 4-5 oe to succeed Mr. W. 
oe A.M. the Protes of Ragin ies 
a ted tant to the essor of eering 
appokst Ania of Oxford 
ene nd £350 per annum. 

Applications, with testimonials and references, 
sh be forwarded to the eam, —y not later 
than Monday, the 23rd of Feb: 920. 

Further ulars ma — obtained from 
MORLEY, D102 
Secretary. 
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PRIMARY STRESS-DETERMINATION IN 
SPACE FRAMES. 
By R. V. SouTHWwELL. 
Introductory.—The tensions or compressions to 
which the members of a framed structure are 
subjected by a given system of applied forces, 
although they cannot be determined exactly, may 








elaborate methods. In any calculation, a 
the first operation is the same; we have to deter- 
mine the stresses set up in the different members 
on the assumption that the joints between members 
are perfectly free, so that the load acting on any 
individual member may be taken as applied accu- 
rately along the line which joins its end points. 
Actually, of course, the assumption is never realised, 
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the re e which it has over he standard 
graphical methods to be found in any text book 
lies in its ability to deal with the stresses in three- 
dimensional frameworks, or “‘ space-frames.” When 
confronted with the problem of determining the 
primary stresses in the power units of a certain 

modern class of non-rigid airship, the author found 
that existing graphical methods were practically 








TABLE 1—EQUATIONS OF EQUILIBRIUM FOR FORTH BRIDGE CANTILEVER (FIGS. 1 TO 3). 


(The External Load Term for the case 


considered is to be added to the Tension-Coefficient Terms, and the Sum equated to Zero.) 





Tension-Coefficient Terms in Equation. 


Case I (Dead Load). Case II 


(Live Load). Case ITT (Wind Load). 
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eC feosa.a\ © 
be calculated to a high joe of approximation, 
if the labour involved is considered to be justified 
by the importance of the problem. In bridges, 
gantries, and other structures commonly met with 
in civil engineering practice, the factors of safety, 
when allowance has been made for corrosion and 
errors of workmanship, are usually high enough 
to make very exact figures unnecessary ; but 
modern practice, as exemplified in the recently 
completed Quebec Bridge, tends to employ more 
and more detailed calculations, while in the design 
of aircraft, where every ounce of weight is important, 
it has become customary to make use of quite 


a 








since even in the case of pin or ball joints there is 
always friction to be allowed for, whereby members 
will be subjected to bending action even when 
they are free from lateral loads; but it is found in 
practice to lead to reasonably accurate results, 
the primary stresses, or the stresses which would 
be produced by the specified load system if the 
joints were completely free, being nearly always 
large in comparison with the secondary stresses, 
or additional stresses which may be regarded as 
due to the fixedness of the joints. 

The method now to be described is applicable 





only to the determination of primary stresses, and 
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useless for his purpose,* and he was thus obliged 
to devise new methods suited to this specific problem. 
Two methods were devised, one graphical, the other 
analytical: both were found to be adequate for 
the problem in hand, and their general applicability 
has suggested the writing of the present paper. 

Only the analytical method is described here, 
since it has been found to have distinct advantages 
over the graphical method, of which perhaps the 
most important is its possible development to cover 
the problems presented by redundant frameworks 
and the calculation of secondary stresses.| The 
practical advantages which seem worthy of mention 
are :— 

1. It is easily understood, and being almost com- 
pletely self-checking requires no special skill in the 
operator (although, of course, facility with the 
method will enable results to be obtained more 
speedily). 

2. It requires no instruments or drawing board, 
and no data beyond the dimensions given on 
ordinary working drawings, together with particulars 
of the applied load system. 

3. The results are exhibited in a compact and 
convenient form, so that they can be easily revised 





*A few examples of very simple three-dimensional 
frameworks (e¢.g., cranes, shearlegs, &c.) are treated in 
the text books; but each has to be reduced by some 
artifice to an equivalent plane frame, and the author 
has found no satisfactory method of attack for three- 
dimensional frameworks in general. 

+ These problems the author hopes to discuss in a 
subsequent paper. 
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and checked at any time. (The difficulty of checking 
the graphical work of another draughtsman, in order 
to trace errors, will be familiar to any one who has 
had experience of these calculations.) 

4. It is particularly economical in time when 
applied to problems in which it is required to 
calculate the stresses produced in a given framework 
by a number of different load distributions—and 
this generally happens in practical work. 

By the kindness of the Editor of ENGINEERING, 
it has been possible to illustrate this paper with an 
example of considerable practical interest, viz., 
the central (“‘Inchgarvie”) pier of the Forth 
Bridge. An illustrated description of this bridge, 
published by Enarvgermse in 1890, and now 
out of print, has supplied sufficient data to make 
the problem treated in Table I representative of 
actual conditions as regards both linear dimensions 
and the order of magnitude of the applied load 
system. The skeleton elevations and plan (Figs. 1, 
2 and 3) have been prepared from Plate III of the 
work above mentioned ; the deadweights have been 
estimated from the table of quantities given in page 
63, and the wind loads by taking a pressure of 112 Ib. 
per square foot (according to the Board of Trade 
regulation referred to in page 9) to act over the 
estimated presented area. of the structural members, 
the general dimensions of which are indicated at 
various points in the description ; finally, the live 
load is roughly representative of the two trains used 
in the Board of Trade inspection and test, as 
described in the Appendix (page 71), these being 
imagined to stand on one of the two tracks, partly 
on the central towers and right-hand cantilever 
and partly on the central girder connected thereto. 

It is worthy of remark that as regards the number 
of its principal members and joints this bridge 
satisfies almost exactly the conditions for a simple 
frame; the skeleton diagram of Figs 1 to 3 differs 
from the actual bridge in little except that the 
horizontal bracing and one pair of diagonal columns 
have been omitted from the central tower, and that 
the viaduct and also the vertical ties throughout 
the span of the cantilevers and tower have been 
neglected, whilst a simple diagonal bracing has been 
substituted for the wind-bracing between the canti- 
lever struts and for the bracing in the bottom chord 
members. Some account of the corrections to the 
results which are thereby necessitated are given 
in an appendix to this paper; for our present 
purpose it is obviously legitimate to make such 
simplifications as will bring the problem within 
the range of the method to be described, which aims 
only at the determination of the primary stresses 
in a simple framework. In their illustration of the 
difficulties which would be met in an attempt to use 
conventional methods of solution, this framework 
and load-system are excellent, many of the members 
being inclined to all three of the axial planes, and 
the cantilevers as a whole being twisted by the 
live load and wind forces which have been assumed 
to act upon them, so that the wind bracing of the 
struts is brought into play. 

We proceed to a general description of the 
method :— 

Notation.—We shall find it convenient to express 
the action in any member as a multiple of the length 
of that member, the positive sign being used to 
denote tension ; thus, the tension in a member A B 
will be written in the form 


Tas = La ota. . (1) 
Then the component in the direction O x of the 
force exerted on the joint A (Fig. 4) by the member 
AB will be given by 
Tian cos BAg, 
or by 
tr» (22 — 2a), 
while the component pull on the joint B, due to the 
same member, will be 
tara (@. - 2x), 
so that (since by definition it is evident that tp, 
and ¢,, are identical scalar quantities) we have 
a self-consistent system for expressing forces on 
the joints, and signs will take care of themselves. 
The quantities tp, &c., will be termed 
tension coefficients. 
Equations of Equilibrium : First Check on Data.— 
Then if X,, Y, and Z, are the components, in the 





directions Oz, Oy and Oz respectively, of the 
external forces applied at the joint A, we may write 
the conditions for equilibrium of the joint A in the 
form 

tan (e— 2s) + tac (@o—2a) + - - + bag (e—a) + Ki=—O « (2) 
tas (Ys—Ya) + tac (Yo—Ya) + - - + tra (Yo—Ys) + Ya=0 « (3) 
tan (@2— 24) + tac (2o— 2s) + + - + tag (@q—%) + Zr =0. (4) 
mm, Ge» . Q being the joints which are directly 
connected with the joint A. 

Three equations of the above types can be written 
down for each joint, involving unknown quantities, 
ES OS ea &c., and known quantities 
(agp — 24), (% — Xa), - . &. We thus obtain 
3j equations in all, where j is the number of 
joints in the framework under consideration. But 
these are not all independent: for if we add together 
all the equations of the type (2) we can see that 
every term such as f,3(%_ — 2,4) will be cancelled 
by a term tg,(%, — 2%) from another equation, 
so that we are left with the relation 


4 


Zat+ Xat+ | 2. 2 2 ( O, 
and similarly with the relations | 

oY Sr 0 roe - (5) 
and 

Z. + Ze + = 0, 


which must obviously be satisfied identically by the 
external forces, since they are conditions of equi- 
librium for the framework as a whole. 

Again, if we multiply equation (2) by the factor 
ya, and equation (3) by — 2,4, and add, we obtain 





tas (20 Ya — Za Yu) +--+ + tag (%a Ya — La Yo) 
+yX%, - 2% Y, = 0, . . . (6) 
z 
Fig 4. 
F 49 
B ae 
A >y 
Ke. 
oa (60586.8.) 


and if we add all the equations of the type (6) which 
can be obtained for the different joints, it is clear 
that every term such as ty» (%p Ys — a Yp) Will be 
cancelled by a term ty, (% Y¥p —%p Ya) from another 
equation, so that we are left with the relation 

(ys Xa — %. Ya) + (yx Xe — te Yu) +. . = 0,° 
and similarly with the relations 

(2. Ya — ya Za) + (en Yun — yo Zn) + .. =O 


and 
(a, Z, — ts Xa) + (an Zs — zs Xu) +..=0, 


These equations express the conditions that the 
external forces shall exert no resultant moment on 
the framework, and it is therefore obvious that they 
also must be satisfied identically. We have there- 
fore two checks which can be made on the specified 
load system; unless (5) and (7) are satisfied, the 
frame cannot be in equilibrium, and it will be 
necessary to make such adjustments in the data 
(which will, of course, be based on estimated 
figures, and therefore liable to error) as are 
required to satisfy these conditions, before any 
progress can be made in the determination of the 
stresses. 

Relations between the Joints and Members in 
Simple Frames: Mechanisms and Redundant 
Frames: Second Check on Daita.—Again, we have 
seen that our 3 j equations of the type (2-4) can be 
reduced to 3(j — 2) independent equations; and 
the number of the quantities tp, tao, - . &e., is 
equal to m, where m is the number of the tension or 
compression members in the framework. Then if 

m = 3(j — 2). . (8) 
the loads in all members are definite and deter- 
minable from equations of type (2-4), which do not 
involve the elastic properties of the members. 
When this relation is satisfied, the framework is 
called a simple frame. 

If m is equal to 3 (j — 2) — 1, or to3 j — 7, we can 
eliminate the m quantities tp, tao, . . &e., and 
obtain a new relation between the applied forces. 
The framework is now a mechanism, with 1 degree 
of freedom, and the relations between the applied 





(7) 








forces are those which are familiar in the theory of 
mechanism. 

If m > 3(j — 2), the quantities tan, tac, . ‘ 
&c., cannot be determined without reference to the 
elastic properties of the different members. In such 
a case, the framework is called a “redundant 
frame.” 

Relations similar to the above obtain in a frame - 
work which has all its members in one plane, and is 
assumed to be effectively held in that plane. The 
number of equations is now 27 (of the type of 
(2) and (3)), and of these 27 — 3 are independent, 
since we have now two identities of the type (5), 
and one of the type (7). Thus the relation between 
j and m, for a simple plane frame, is 

m= 2j -— 3, . 
while for a mechanism it is 
m= 25 — 4. 

As examples of simple frames, plane and three- 
dimensional, we may take the braced quadrilateral 
(m=5:j=4) and the triangular pyramid or 
tetrahedron (m = 6: j = 4) respectively, which can 
be seen (Figs. 5 and 6) to satisfy conditions (8) 
and (9) above. These conditions can, in fact, be 
obtained directly, by regarding “ plane” (or two- 
dimensional) and “space (or three-dimentional) 
frames” as built up from the triangle and tetra- 
hedron respectively. Consider first the plane frame : 
the first three joints require three members to 
fix them, and each additional joint requires two 
more ; hence, 


(9) 


m= 3 + 2 (7-3), 


which is the same as (9). Similarly, in a “space 


Figs. fig.6. 

BRACED QUADRILATERAL TETRAHEDRON 
(PLANE FRAME). (SPACE FRAME) 
(6058 Cj 





frame”’ the first four joints require six members 
to fix them, and each additional joint requires three 
more ; hence, 

m= 6+3(j — 4), 
which is the same as (8). 

It is only in the case of simple frames that the 
methods of this paper are sufficient to determine 
the stresses, and any specified framework should 
therefore always be checked over to verify that 
the problem is soluble. It is important to note 
that although the relations (8) and (9) must be 
satisfied in a simple frame, they are not necessarily 
sufficient. Imagine, for example, that we add 
additional members to a simple framework, in such 
a way that the first members added make the 
original frame redundant, while the last members 
added form a mechanism which is attached to this 
redundant frame as a base. Provided that the 
total number of members added is three times the 
number of extra joints thereby entailed, in the 
case of a space frame, or twice the number of 
additional joints entailed, in the case of a plane 
frame, the relations (8) and (9) will still be satisfied, 
although it is clear that the result of the additions 
has not been to produce a simple frame. For these 
reasons, equations (8) and (9) should not be used 
blindly, but in cases where any doubt exists as to 
whether a frame is simple or not, the members 
should be gone through carefully, to see whether 
the whole frame could be built up from the triangle 
or tetrahedron as a base, by connecting every other 
joint successively by just so many members, and 
no more, as will leave it fixed. 

Pseudo-redundant Frameworks.—In certain cases 
it is legitimate to relax the limitations imposed 
by the relations (8) and (9). When, for example, 
any quadrilateral bay of a framework is braced by 
members connecting both pairs of opposite joints, 
a case of apparent redundancy is presented which 
will not be real, provided that the diagonal members 
are flexible (or of such small flexural rigidity that 
they are unable to sustain any appreciable load 
when acting as struts), and provided that they are 
not given an initial tension ; only one of them can 
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then. come into operation at a time, under any 
ordinary system of loading, and it is unnecessary to 
count both in determining the value of m. If, on 
the other hand, as is customary in aeroplane con- 
struction, the cross-bracing members are initially 
tensioned one against the other, a case of real 
redundancy is presented, with which the methods 
of this paper are inadequate to deal. 

Derivations of the Equations of Equilibrium: 
Checks on their Accuracy.—Examination of the 
equations (2-4) will show that their form is exactly 
suitable for use with ordinary working drawings 
of frameworks, since the quantities (x; — 2x,), 
(% —2%), . . &., can be determined at once 
from the leading dimensions which are shown 
thereon. Moreover, the drawings will indicate what 
joints are connected by members with any particular 
joint, so that the correct number of terms in any 
given equation is immediately evident. In pro- 
ceeding to determine the stresses in a given simple 
framework, the first operation must be to write 
down all the equations of equilibrium. It is most 
important that careful regard should be paid to 
signs, and therefore, when the equations have been 





choosing a suitable joint as a starting point, we 
can almost always arrange our work so that not 
more than three simultaneous equations have to be 
dealt with at a time. lt is important, in deter- 
mining the value of 4 tension-coefficient which 
will appear again in another equation, to work to 
the utmost degree of accuracy which is considered 
essential, since any error will affect subsequent 
coefficients as well. A good method of procedure 
is to arrange the equations of equilibrium below one 
another in one column, and to write down the 
values of the tension coefficients in another column, 
in such a way that the particular tension-coefficient 
which is determined from any given equation, and 
the value obtained for it, appear opposite that 
equation. In a third column can be written the 
resultant error in the equation (or amount by 
which the left-hand side differs from zero when the 
calculated values of the tension-coefficients are 
inserted). Thus, when a group of equations are 
solved simultaneously, they should be bracketed 
in the first column and the derived values for the 
tension-coefficients bracketed in the second; there 





will, in general, be a finite error for each of the 


in the second and third are written down the 
calculated values of the tension-coefficients, and 
the resultant errors, as described above. 

Several labour-saving devices suggest themselves 
when the analytical method is employed in practice. 
For example, when there is symmetry in the loading, 
the number of equations can be largely reduced ; | 
thus, only one side of the Forth Bridge cantilever is 
shown in Figs. 1. 2 and 3, and included in Table I, 
since the live-load stresses (due to train and weights) 
are confined to this side, while the stresses produced 
by the dead load and wind forces can obviously be 
written down for the other side from considerations 
of symmetry. It is found best, as soon as any 
particular tension-coefficient is determined, to 
substitute for it at once in all other equations in 
which it occurs; the suffix of the symbol indicates 
in what equations it may be expected and it has 
already been pointed out that every term ocours in 
two equations, with opposite signs. All work 
done may be regarded as correct until a serious 
“resultant error” is met with, and these errors 
may be expected to have their greatest values at 
one or more of the joints at which loads are applied. 


TABLE II.—CALCULATED STRESSES IN FORTH BRIDGE CANTILEVER (FIGS. 1-3). 





































































































Member. a3 se, ot GK’ 96 9G ay Ta 
‘Tension coefficient, Case I —5:37 —0-+570 —0-709 0 2-622 0 +2-64 —15-12 
Tension coefficient, Case IT —1-437 —0-+1525 +0-00402 
0 0 0 —2-80 1-983 +325 — 4-26 0 
Tension coefficient, Case IIT 0 —3-455 +1-80 0 —18+42 0 —18-42 ~—14-18 
Worst tension conditions wi I+1II+I1 I+Il I+Il I 
Maximum positive tension coefficient .. 1-10 4-605 3-26 2-64 
Worst compression conditions .. I+II I4+T1+T I I+II I+ITI I+II+IT1 I+ 
Maximum negative tension coefficient .. —6-81 —4-178 —0-709 —2-80 —15-798 —20-04 — 29-80 
Length.of member (feet) .. 62-09 33-00 352-6 429-2 122-0 289-0 122-0 262-0 
Maximum tension (tons) .. 388-4 562 940, 322 
Maximum compression (tons) 422 138 251 1203 1930 2442 7680 
TABLE III. The resultant error in any equation can be seen to 
represent the magnitude of the additional force 
Size and Material. Tension. Compression. which would need to be applied at the joint, and 
in the direction concerned, to be in equilibrium 
— Member. Length see | Doster | ie. Factor Remarks. | with the calculated forces in the frame members, 
. -s Cross-Section. | Specifica- | Tension| _ of Comp. and it is thus easy to form an estimate of its 
nches. tion. in Ib. | Safety. | in Ib. seicty. i , by considering it} as a fraction of the 
external load component. 
Tubular frame | AB, CD 29 142, 0 O.D. by 22 | T.6 378-1 | 23-7 340 | 14-7 Reference has been made above to the “ pseudo- 
members 
BGFEGS|/ 50 | 1% m OD. by22| T.6 o — — — | Dimensions | redundancy” exhibited by crossed wire bracing. 
determined | It was remarked that only one of the pair of wires, 
cade. |uniless an initial tension is given to them, can be 
Wood members .. | AM, BN 50 Shaped V.1 -= — -- — — ks in action under a definite system of applied loads : 
rers, : * 
Bracing wires 0G, HS — | 45 cwt. (item 53)..| W.2 947-2 | 5-8 a _ but it is not in general possible to predict which 
of the wires will go slack, and for this reason (and 











written down from a consideration of all the different 
joints in turn, they should be checked to see that any 
term which occurs, ¢.g., in the first equation of 
equilibrium for the joint B, and which represents 
the action of the member BC, also occurs in the 
first equation for the joint C, but with its sign 
changed. In addition, as has been stated above, 
the specified values of the external load components 
X,, Ya, . - Xz, . .. &., must be checked to verify 
that they satisfy exactly the six equations (5) and (7). 

For facilitating the subsequent calculations and 
checking, it has been found convenient to take 
the joints in the order in which the equations will 
be solved (this is the reverse of the order in which 
they are taken when building up the framework 
as @ test of redundancy); also, when writing down 
the three equations for any joint, to construct one 
of them first in symbols (thus ensuring that the 
proper number of terms is taken), and then to insert 
the appropriate values of the coefficients from a 
table of joint co-ordinates. This table will again 
be found useful when the lengths of the different 
members have to be calculated. 

Solution of the Equations of Equilibrium.—When 
the equations of equilibrium have been written 
down, they form a series of simultaneous linear 
equations, from which the unknown tension- 

ts tan, tac, - . &., can be calculated ; 
sufficiently exact solutions can in most cases be| > 
obtained with an ordinary 10-in. slide rule. By 


equations, which should be specified in the third 
column. When, on the other hand, enough terms 
are known in any equation to enable us to reduce it 
to a simple linear equation for one unknown tension- 
coefficient, the resultant error tabulated will of 
course be zero. 

> This method of exhibiting the results will indicate, 
for subsequent reference, the order in which the 
equations have been taken; it is illustrated by 
Table I, which refers to the Forth Bridge pier 
described in the introductory paragraphs, under 
three different conditions of loading, viz., dead load, 
wind forces and live load.* The equations of 
equilibrium will be seen to be practically the same, 
for the same framework, under any load systems, 
the external load terms (X,, Ya, . « &.) 
alone being changed; and the results of several 
determinations can therefore be exhibited compactly 
in the same table, if the external load terms are 
kept in separate columns from the other terms in 
the equations, which need then only be written 
once. Each system of loading is treated as a special 
case, and for each case three columns are used, 
the first containing the external load terms, while 


* Considerations of space mae’ prohibited the 
ae of Tables I and - . 2108 entirety (Ta el 
34 joints, and therefore | ations, a 
Table Fable Tf pony on 








abridged 100 hemp mh but it is hoped even 
rm they will serve to illustrate all 
sandbeland = ot oar the method. 


also because both of the pair may come into opera- 
tion at different times when there is a series of load 
systems to be considered, and we want to use the 
same equations for all the systems) it is best to 
retain both, but to employ some method of indicating 
these pseudo-redundant members in the equations, 
and when solving the equations relating to any pair 
to try the effect of disregarding each in turn; it 
will be found that by neglecting one we obtain 
a positive (tension) value for the tension component 
of the second, while by neglecting the second we 
obtain a negative (compression) value in the first. 
Only the first result is admissible, and thus we can 
tell which of the pseudo-redundant members should 
be neglected. Notes should be substituted in the 
** solution column ” to show the members which go 
out of action. 

The above considerations do not arise in con- 
nection with the example here treated, but are of 
frequent occurrence in aircraft work. In cases 
where an initin! tension is given to each of a pair of 
crossed wirés, the effect of applied load is felt on 
both, the tension in the one being increased and in 
the other diminished. The conditions of static 
ee a 
of ways, and the correct solution is not determinable 
without reference to the elastic ies of the 
wires. The frame is in fact truly redundant, and 
presents a problem which lies outside the scope of 
this 





Preemiation of Resulte:—For the purposes of this 
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paper we shall assume that a knowledge of the 
primary stresses is considered sufficient for the 
problem in hand. Then the data required for 
designing each member are the maximum tension 
and compression which it has to sustain, and its 
length. A convenient method of presenting the 
results is illustrated by Table II. Each member 
(or pair of symmetrical members) has a column 
to itself, and the values of its tension-coefficient, 
sorresponding to the different load systems con- 
sidered, are tabulated on separate lines. (It may 
be mentioned that the calculations for airship 
power units generally extended to five cases.) 
On the next two lines below these are indicated the 
load system for which the tension-coefficient has its 
greatest positive value, and the magnitude of this 
value, while below these again are shown the case 
corresponding to worst compression conditions, 
and the greatest compressive value of the tension- 
coefficient. Finally, multiplying the greatest 
positive and negative values of the tension- 
coefficient by the length of the member, we obtain 
the actual values of the maximum tension and 
compression which the member has to sustain, and 
these are inserted in the last two lines of the table. 
It is hardly necessary to add that the length of 
a member A B is given by 
ln = Vien — ta? + Yo — Wl? + (en — 2r)®. . (10) 

It is found convenient, when the design is com- 
pleted, to compile a schedule of dimensions, which 
will show at a glance the factor of safety allowed 
in each member. The best form of tabulation will 
vary slightly with the problem in hand. Table III 
is based on the results of experience in the design 
of airships, and has been abstracted from an actual 
drawing, which has no reference to the problem con- 
sidered in this paper. The factors of safety given 
in the first line are of course much higher than is 
necessary in aircraft work, and occur only because 
the dimensions of the member in question were 
settled by other considerations than those of direct 
strength. 

Detailed Calculations for Forth Bridge Structure.— 
For the convenience of readers who wish to obtain a 
practical acquaintance with the analytical method, 
this article shall be concluded with a description 
in detail of the actual calculations from which | 
Tables I and II have been constructed. 

As a preliminary, some particulars of the assump- 
tions made in calculating the applied forces may be of 
interest. The total dead weights for the different 
sections of the pier follow the published figures 
very closely, and have been distributed roughly 
on the principle of taking the weight per foot run of 
the tubular compression members to be twice that 
of the lattice ties ; similarly, the lattice girder work 
has been assumed to offer to wind load one-quarter 
as much presented area per foot run as a tubular 
member of the same breadth. The two trains, each 
taken as 960 ft. long and weighing 1 ton per foot 
run, are assumed to be standing on the same track 
(the back track as viewed in Fig. 1), meeting at the 
junction of the cantilever and central girder, so that 
one train increases the total weight of the central 
girder, and thus the external loads acting on the 
end joints of the cantilever, while the weight of the 
other train is distributed over the joints of the 
cantilever. The two tracks are assumed to divide 
the width of the bridge into three, so that the train 
loads are distributed between front and back joints 
in the ratio 1:2. Wind forces are assumed to be 
distributed equally between front and rear joints, 
and all the live loads are considered to be transmitted 
from the track to the bottom joints only. The wind 
load due to the central girder has been taken to be 
equal to the total wind load on the last three bays 
of the cantilever, and to be divided equally between 
the four points of junction. 

The test for redundancy must first be made. An 
inspection of Figs. 1-3 show that in the complete 
pier of two cantilevers (as there simplified) the 
number of joints is 52, and of members 149; thus 
m=3 ) — 7, and this is the relation for a mechanism. 
The difficulty thus presented is only apparent, 
however, because the conditions of fixing are such 
that the four joints G, g, G’, g’, are constrained by 








the foundations of the pier to remain in one plane. 
If the framework had been completely braced in | 
itself, the vertical components of the reactions | 


at these joints would have been statically inde- 


terminate. As it is, the horizontal components of 
the reactions are to some extent arbitrary: but it 
is reasonable to assume, in the absence of further 
information, that the z-component vanishes for 
each of the four joints, and the y-component for 
G and G’. In any case, the validity of these 
assumptions is not of much importance for our 
present purpose, which is to determine the stresses 
set up by specified loads at the joints. What the 
magnitudes of these loads have been assumed to be, 
in the three cases considered, may be seen by 
inspection of the left-hand (External Load) columns 
of Table I. 

The next operation, in the routine procedure 
described above, is to check the specified load system 
in order to ensure that it is a system in equilibrium. 
In the present example this need does not arise, 
because the resultant actions at the joints 
G, g, G’, g’, have been left undetermined in the 
initial stages, and will be obtained in due course 
from the ordinary equations. The solution of the 
equations is started from the end of one cantilever 
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and carried up to the certra] tower, at which stage 
further progress becomes impossible until the 
equations for the other cantilever have been solved. 
In the first two cases (viz., dead loads and wind 
forces) the stresses in the second cantilever can be 
written down by symmetry, and in the third case 
(live load) only one cantilever is affected. By this 
simplification the size of Table I was reduced very 
considerably, whilst the use of accented letters for 
the joints of the left-hand cantilever makes it easy 
to tabulate the symmetrical] values. 

Equations which have been solved simultaneously 
have been bracketed together. It was frequently 
found that the first and last equations for a given 
joint had to be taken together, while the middle one 
gave the third unknown by direct substitution. 
This process has been indicated by placing one half 
of a bracket against the first equation and the other 
half against the last. 

In forming Table 11, only one column has been 
used for each pair of symmetrical members, and 
where their calculated tension-coefficients are 
different both have been written down, in an order 
agreeing with that of the members at the head of 
the column. Actually, of course, either member 
of the pair may be subjected to the greater load, 
and hence only one value (the greatest which occurs 
in either member) is inserted in each of the spaces 
left for worst tensile and compressive conditions. 

It is never easy to describe very briefly a process 
of calculation such as forms the subjeet of this 





paper; but the fundamental principles involved in 
this method are so simple that the author is confident 
of its being readily grasped by any reader who is 
sufficiently interested to follow in reasonable detail 
the example treated above. In conclusion he 
desires to express his indebtedness to Miss L. M. 
Swain and to Miss E. D. Lang, by whom the actual 
calculations of this paper were carried out. 





APPENDIX. 

Correction of Resulis to allow for Actual instead of 
Simplified Wind-bracing, &c.—Although strictly 
outside the scope of this paper, it seems desirable 
to add a note showing how the stresses which have 
been calculated for the simply-braced framework 
of Figs. 1 to 3 may be subsequently corrected so as 
to take more complete account of the actual bracing 
of the bridge. 

Fig. 7 illustrates the bay K’G’G K of the central 
tower, which has in reality two diagonal members, 
K’G and G’K. In the preceding calculations, 
where G’K was neglected, the compression in K’G 
(Case IT) has been found to be 1,203 tons. Let us 
now assume that only half this load actually comes 
on the member K’G; then it can be seen without 
difficulty that in making this assumption we are 
in effect putting on additional forces of 601-5 tons 
at the corners K’, G, and acting in the line K’G, 
which are resisted by actions in the other diagonal 
K G’ and in the side members K K’, K’G’, G’G, G K, 
as shown in Fig. 8. These actions are readily 
determined by graphical methods (since we are now 
dealing with a plane frame) and must be added 
(algebraically) to the actions previously calculated ; 
it is clear that we shall be imposing as a tension in 
the member G’K the load (601-5 tons) by which we 
have reduced the compression in G K’. 

A similar treatment will take account of the 
actual wind bracing. Fig. 9 shows this bracing in 
the bay L,1, g, G; to keep the frame “ simple,” only 
one of the two independent systems of wind bracing 
has been retained, since, if it is considered desirable, 
we can subsequently transfer half its load to the 
other system, in the manner just described. The 
calculated compression in G/ (Case I) is 251 tons, 
and hence if we discard this fictitious member we are 
in effect introducing forces of 251 tons at J and G, 
and in the line Gl, which are resisted by actions 
in the actual bracing and in the principal members 
LI, lg, gG, GL, as shown in Fig. 10. These 
actions can be determined graphically, as before, 
and the appropriate corrections made to the results 
of Table IL.* 

It is obviously an advantage to employ these 
artifices in dealing with a complicated space-frame ; 
i.e., to shorten the analytical work by simplifying 
as far as possible the component plane frames, and 
to correct subsequently by means of graphical 
methods. 





Business with Germany —The French commercial 
and financial journal L’ Entente, of the 19th inst., contains 
an article in which the writer gives iculars of the 
business transactions between the United Kingdom 
and Germany. It makes, among others, the following 
statement: “I have seen in the German works at 
Solingen, English foremen who, themselves, stamp the 
word ‘Sheffield’ on the cutlery made at those works. 
The said articles of cutlery are sold in France as English 
Paar I have had confirmation of the fact at the 

Igian quarters at Wiesbaden.” 





Roya ArronavuticaL Socrety.—Having received an 
appeal for subscriptions to the Royal Air Force Memorial 
Fund, which is now being raised under the pete a of 
H.R.H. Prince Albert, the Council of the Royal Aero- 
nautical Society have decided that the society should be 
represented as a body in this matter. They therefore 
invite members to send subscriptions for the fund, 
on or before the 29th inst., addressed to the Secretary, 
Lieutenant-Colonel W. Lockwood Marsh, at the Offices 
of the Society, 7, Albemarle-street, London, W. 1. The 
society, which was founded in 1866, is the oldest of its 
kind in the world, and it is the officially-recognised 
scientifie body in this country dealing with aeronautical 
matters. We may add that changes int d to i 
the scope and widen the activities of the society have 
been made in its organisation, and the names of many 
influential persons have recently been added to its 
membership. In this way it is hoped that the society 
will become, in the future, an even more powerful 
factor in the development of the scientific side of aero- 
nautics than it has been in the past. 








* The corrections to the stresses in the members lg 
and LG will, of eourse, vary over different portions of 
their lengths. 
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RECENT MACHINE TOOL DEVELOP- 
MENTS.—No. X. 
By JosepH Horner. 

Tables for Tube and Boiler Plates—The bed and 
table for a two-spindle drilling and tapping machine 
for locomotive tube plates is illustrated in Figs. 
164 to 168. In broad outlines the tool is modelled 
on the planer type—a bed and table, housings 
(Figs. 169 and 170) bolted to the sides of the bed 
to receive a fixed cross-rail attached to their faces, 
two saddles for drilling spindles adjustable along 
the cross-rail carrying the feed mechanism. The 
table is traversed along the bed in either direction 
by @ screw, 2 in. diameter, } in. pitch (Fig. 166), 


form, Figs. 173, 174 and 175, is disposed trans- 
versely to receive the housings over each end, and 
the bed, which supports the sliding table, about 
the centre. The longitudinal view of the bed, 
Fig. 173, shows it with three boxed cross-girts and 
its area of central support on the base, while at 
the ends it lies directly on the machine foundations. 
The sliding table is seen in cross-section, Fig. 174 
on the bed, fitting with flat ways, and square 
guiding edges, with a take-up strip. The strip 
is made in four lengths of 3 ft. each. Enlarged 
sections. of the slideways are given in Figs 176 
and 177. A reduced plan view of the table, Fig. 178, 
shows the tee grooves, and the locations for the 
insertion of the work-holding bolts. A longitudina) 
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in a nut, Figs. 171 and 172, by power or by hand. 
A dial is fitted to correctly pitch the holes to be 
drilled. The drilling heads are adjusted along the 
cross-rail with a screw and gears, either singly or 
_ unison. The pitching is determined by a division 
plate. 

The bed, Figs. 167 and 168, is boxed, with parallel 
longitudinal members connected with cross-girts, 
formed by a series of ribs united with a continuous 
plating save for the five lightening holes seen in 
Fig. 167. The ways are flat, Fig. 164. The table 
fits by inner edges, the take-up being provided by 
two tapered strips inserted from each end, with the 
taper in opposite directions, Fig. 165. The table has 
a trough for waste lubricant at each end, and the 
ways of the bed are surrounded with a trough. 
The table is lightened out around the tee-grooves 
and is ribbed similarly to the bed. 

Power-Operated Table.—Some table fittings are 
shown in Figs. 173 to 182 for a multiple-spindle 
machine for drilling boiler plates and similar work. 
It has six spindles, 24 in. diameter, in the driving 
portion. The table details are shown by the group 
of figures, 173 to 179, on page 170, and the power- 
traversing motion by Figs. 180 to 182, page 171. 

* The general scheme can be understood from the 
first set of drawings. A long base casting of boxed 
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adjustment, or feeding of the power shaft can be 
accomplished with the hand wheel seen in Fig. 181. 

Milling Machine Table—The group of Figs. 
183 to 186 illustrates an elaborated table for a 
vertical milling and profiling machine by Messrs. 
Kendall and Gent, Limited. Its special feature 
lies in the supplementary tables that flank the 
ordinary circular table and which, standing at the 
same height, permit of fixing long pieces that 
require a long table, or smaller articles for which 
the circular table is required. A good many 
machines fitted with long tables have supple- 
mentary circular tables fitted on them. Here the 
circular table is permanent, without interfering with 
the ordinary functions of the long table. The 
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external‘ view of the table, Fig. 179,‘ shows its 
numerous cross-ribs. 

The views in the group, Figs. 180 to 182, of the 
power-traversing motion show that the table is 
operated. by duplicate racks, Fig. 180. In the 
previousfexample a central screw was employed, 
but the}wider table in this machine requires an 
equally-balanced action. The racks are bolted 
adjacent to the sliding surfaces of the table, extended 
to receive) them—compare with Fig. 174—and are 
driven with pinions keyed on a common shaft, 
Fig. 180, that extends through the bed of the machine 
and runs in bearings bolted into the bed. The shaft 
is set in motion by the lever handle, Fig. 181, which 
moves a constantly-running double clutch, keyed 
on its shaft, into engagement with one or other of 
the bevel gears seen, to receive rotations in opposite 
directions. Thence motion is transmitted to the 
worm wheel, of 50 teeth, the shaft of which carries 
a pinion that meshes with a spur gear, Fig. 182, on 
the shaft that carries the rack pinions. Hand 
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tables have all the power feeds, longitudinal, trans- 
verse and circular, actuated from the belt cone- 
driven shaft below, whence thé several drives are 
taken trom the worm gear through the spur gears 
and friction clutches seen. 

The saddle fits to the horizontal bed of the 
machine frame by the vee’d edges seen in Fig. 186. 
Thus the longitudinal slideway carries the tables. 
The flanking rectangular tables are in one piece, 
cut above, as shown in plan, Fig. 184, to clear the 
circular table. They can be fed longitudinally, or 
clamped with two bolts when the circular table is 
in use. This fits to the saddle with vee’d edges 
seen in Fig. 186. The slides and ways make broad 
stable contact over faces and vee’d portions alike. 

The circular table fits in two parts, with a large 
and deep boss within circular walls provided centrally 
in the rectangular table casting. It is prevented 
from lifting by means of setting-up lugs adjusted 
against angular edges on the lower portion of the 
table, shown in Fig, 186. The tightening screws 
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to these lugs are seen in the plan view, Fig. 184. 
The upper portion of the table is seen in this figure 
to be bolted down on the lower part with four holes. 
The table bearing is lubricated with pads. Drainage 
is provided for. An annular lip on the lower side 
of the circular table hangs down slightly into the 
waste oil trough, surrounding the rectangular tables, 
and the latter have discharge spouts. 

The motions of the tables are derived from the 
shaft that carries the belted feed cones (not shown). 
A sliding worm on this shaft, Figs. 183 and 186, 
actuates the worm gear that has its shaft in a bracket 
bolted to the underside of the saddle, Fig. 183. 
A spur gear of 27 teeth on the end opposite to the 
worm wheel drives a 40-toothed gear which is on the 
end of the longitudinal feed screw to the saddle. 
Fig. 183, driving the latter. The wheel drives 
through idlers two other gears of 40 teeth each, 
located respectively on the ends of the shaft that 
transmits transverse movement to the saddle, 
and that which rotates the circular table, Fig. 185. 
The first is transmitted through a pair of spiral 
gears, the second through worm gear. The worm 
wheel is cut in the lower secticn of the circular table 
seen in Fig. 186. 

The motions are put in with friction clutches seen 
in Fig. 184. Each can be adjusted by hand from 
either end of the table. The gears are all protected 
with hoods. The longitudinal motion is provided 
with an adjustable stop seen in Fig. 183. Micro- 
meter wheels are applied to the longitudinal and 
circular motions, and the circular table is divided 
and fitted with a pointer. The tee grooves in the 
table permit of inserting the bolts at the centre or 
from the circumference. When profiling is to be done, 
the longitudinal screw is disconnected, leaving the 





Fig.178. 


PLAN OF TABLE SHEWING 
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table free to follow the form of a templet placed 
under the object being operated on, and pressed by 
a weight at the back of the machine against a roller 
carried by the same hinged bracket that supports 
the end of the cutter arbor. 








ELECTRICALLY-HEATED BOILERS AND 
HEAT STORAGE. 


Tue dearth of black coal has not yet be- 
come sufficiently acute in this* country, nor the 
development of what our Continental friends term 
“white coal,” or in other words, water power, 
sufficiently important to suggest a serious con- 
sideration of the question, whether it would possibly 
be economical to drive dynamos by the last named 
source of energy in order to raise steam by the heat 
of the currents generated in the dynamos. In 
countries like Switzerland, without coal, but rich 
in water r, the problem does not look para- 
doxical. itzerland had two electrically-heated 
boilers in use before the war, and has since devoted 
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considerable attention to the problems of electric 
heat generation and storage. 

In a measure the two electric boilers—both 
tubular boilers—just referred to, are not doing 
badly. In both nichrome spirals are placed within 
the tubes, and as 770 kg. calories were, in tests 
made in 1916, rendered useful per kilowatt-hour 
out of a possible maximum of 860 kg. calories, 
the heat equivalent of the kilowatt-hour, the 
satisfactory efficiency of about 90 per cent. was 
obtained. But we cannot, of course, surpass that 
maximum of 860 calories, and though the efficiency 
of this last conversion stage has even been im- 
proved upon, the previous stages leave much to 
be desired. The tests just referred to were con- 
ducted by the Swiss Association of Steam Boiler 
Proprietors, and. we propose to give here some 
particulars relating to new electric boilers and heat 
storage derived from a paper, read by E. Héhn 
before that Association and published in three issues 
of the Schweizerische Bauzeitung of November 8, 22 
and 29 last. Some interesting observations have 
been made in connection with these novel devices. 

Boiler heating may be effected by continuous 
current only when the water is not brought into direct 
contact with the conductors. There is, indeed, 
possibility and risk of water decomposition and of 
generation of electrolytic gas even with alternating 
currents ; so far, however, no trouble seems to have 
arisen from gas explosions. We may further 
distinguish resistance-coil heating and electrode 
heating. The insulated resistance coils for con- 


tinuous currents may either be placed in the tubes 
of the boiler, as in the cases mentioned, or they 
may be inserted in special heaters, nests of tubes 
containing the resistance. These heaters are placed 
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MACHINE TOOL DEVELOPMENTS. 


RECENT 


(For Description, see Page 169.) 
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in the boiler and require fixing at one boiler front 


only, whlst the ordinary boiler tubes have, of 
course, to be fixed at both ends; on the other 
hand, the electric heaters of the type just named 
do not act as stays like the ordinary flue tubes and 
the structural strength of the boiler has to be 
secured in other ways. The Ocrlikon Company 
supplies heaters of the pattern referred to, and a 
seotion of a heater made by this firm is given in 
Fig. 1, subjoined. 

When the water is brought into contact with 
the resistance, the wires are mostly placed in 
insulated tubes through which the water circu- 
lates, and the coils may be entirely within these 
sheaths, or be partly exposed to the free circulation 
of the water in the boiler itself. Diagrams 
showing two arrangements of the second type just 
named are given in Figs. 1 to4. Messrs. Brown, 
Boveri and Co. build both types, the former for 
currents (always alternating) of 250 volts maximum, 
the latter for up to 1,000 volts. There is more dif- 
ference between the two types than one might fancy, 
because in the former case the currents pass merely 


through the wire (generally iron), whilst in the latter 


900 kg. of steam on h‘gh-tension, with an efficiency 
of 95 per cent. and even 98 per cent.* 

In the high-tension boilers supplied by Messrs. 
Brown-Boveri in conjunction with Messrs. Sulzer 
Brothers, the electrodes, of grey cast-iron, are fixed 
in tubular insulators of clay, porcelain or quartz. 
The water-level is kept constant, and the steam 
generation is regulated by raising or lowering the 
electrodes, which are carried on threaded supports, 
so that the water path between the electrodes can 
be shortened or lengthened. On three-phase supply 
systems the three electrode-carriers may be con- 
nected in /\ or in star fashion; currents of 15,000 
volts are mentioned, but it does not appear that 
such high tensions, which would strain the insula- 
tion, have as yet been actually used. 

The water-jet electrodes of Messrs. Brown-Boveri 
are of quite a different type. In these, funnels 
are mounted above one another and connected to 
opposite poles, the electrodes being insulated from 
the boiler. A pump delivers the water already 
in the boiler together with the feed water into 
the upper funnel, and the current passes through 








the jet between the two funnels, the length of 
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they may leave the coil and flow through the boiler 
water to accessory poles. Now iron has a positive 
temperature coefficient, its resistance increases with 
rising temperature. Water has a negative tempera- 
ture coefficient, and we have further to consider 
whether the container of the water be open or closed. 
In an open vessel the water can boil freely without 
causing any rise in pressure, and the resistance falls 
steadily as the temperature is raised, until the 
water boils, when the resistance rises abruptly. 
In a closed vessel the water does not boil at 
109 deg. C., the pressure rises, and the resistance 
decreases, according to Messrs. Brown-Boveri, to a 
minimum at 140 deg. C., and then increases again. 
In the second type of boiler heating the two re- 
sistance effects balance one another, and the boilers 
need little attendance even with heavy current 
fluctuations. 

Since resistance coils are hardly suited for high- 
tension currents, the supply current may have to 
be transformed down, and in order to avoid the 
need of a special transformer, electrode boilers have 
been designed, the resistance of which consists of 
substantial sheet iron or rod iron. When the 
electrodes are fixed and extend from the boiler top 
downward, as in the Revel bo'ler of Messrs. Escher 
Wyss and Co., the connections are simple, but the 
steam generation depends upon the depth of 
electrode submersion and changes with the water 
level. In such cases the water level is regulated 
either by the boiler feed or by the steam 
pressure. 

Revel boilers have been supplied, we learn, to 
Spain and Italy, for currents of 150 volts to 
600 volts, and even for currents up to 6,000 volts. 
They are said to yield, on low-tension circuits, 
200 kg. to 600 kg. of steam per hour, and up to 


the jet under current varying with the water-level. 
A section showing this interesting arrangement 
is.given in Fig. 6, in which illustration the parts 
hatched, as marked at a, are of metal, while the 
insulating material is sectioned as marked at b. 

The electrically-heated boilers do not possess the 
simplicity of the old-fashioned boilers, but they are 
less subject to hard water troubles than one might 
expect. Pure water is an insulator; water con- 
taining salts and soda conducts fairly well; the 
steam generation will hence vary with the character 
of the feed. If the electrodes became incrustated 
with scale, they would soon cease to do their duty. 
But it would appear that the deposited sulphates 
and carbonates are quickly torn off again by steam 
bubbles developing under them, and that the salts 
are precipitated as a soft mud. 

As regards heat storage we will only refer to oil] 
and concrete as heat-storing media on which experi- 
ments have recently been made by the Swiss 
Material Testing Department. Oil is still frequently 
recommended as preferable to water for heat storage 
because oil can be heated to relatively high tempera- 
tures without giving rise to dangerous pressures. 
That is only partly correct. The pressure of water 
superheated above its boiling-point of 100 deg. C. 
rises first slowly, and then rapidly. Hot refined oil 
does not develop any appreciable pressure below 
220 deg. C.; but a very rapid rise of pressure sets 
in about 350 deg., and there is also decomposition. 
so that the cooling and heating curves of pressure and 
temperature differ widely. An oil which has been 
heated to 400 deg. or 500 deg. C. may, on cooling, 
still possess a dangerous vapour pressure of more 





* We gave a ful a count of the Revel boiler with 
illustrations in our issue of November 2nd, 1917, pages 





468 and 470. 


than 40 atmospheres, even below 100 deg. ; hence 
all tanks and pipes for storing and circulating hot 
oils have to be made very strong, and it is not 
advisable to go beyond oil temperatures of 320 
deg. C. and corresponding pressures of 6 atmospheres 
for such purposes. Similar considerations restrict 
water to a temperature of about 190 deg. C. and a 
pressure of 12 atmospheres, and concrete to 350 deg 
C. At these limits 1 cub. m. of water, oil, or con- 
crete, can store respectively 170,000 kg.-calories, 
77,000 kg.-calories and 300,000 kg.-calories, so that 
reckoning the heat contents of water, under the con- 
ditions specified, at 100, that of oil would be 45 and 
that of concrete 175. In this comparison oi] does not 
come out well, because its heat capacity is low and 
increases little with rising temperature, whilst the 
heat capacity of water is high and increases rapidly 
with rising temperature. Stones and concrete 
resemble water in these respects ; the heat capacity 
increases indeed at an accelerated rate above 
200 deg. C., whilst in the case of water the rate of 
increase diminishes slightly. This small change of 
rate is not technically an important point; but 
stone and concrete can bear high temperatures and 


Fig 6. 
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are hence very suitable materials for heat transfer- 
ence to air. 

We may mention a peculiar combination-system 
of heat storage, a plant installed by the Zentral- 
heizungs fabrik A.G., of Bern, in some Swiss spinning 
works. A block of concrete, of about 15 cub. m. 
(1-5 m. by 1-5 m. by 7 m.), is heated by iron re- 
sistances which are embedded in the concrete and 
electrically divided into 14 groups. The heat acts 
on coils of oil pipes, altogether 800 m. in length, 
which are also embedded in the concrete in 11 

el layers. Above the block is mounted the 
cashire boiler, the water of which is heated by 
the oil coils introduced into the boiler. Thus the 
oil transfers the electric heat, and the heat storage 
is by the water, oil and concrete, 1 cub. m. of the 
combination being equivalent in heat capacity to 
2-7 cub. m. of water. The installation yielded per 
day, in some trials, 3,180 kg. of steam of 3 atmos- 
pheres, at an efficiency of 77 per cent. It proved 


advisable, however, not to prolong the storage 
period, and the resistance seems to have given some 
trouble, Such a combination system would, of 
course, only be adopted under special conditions. 
But hot oil circulation has sometimes to be pro- 
vided for, and energy economy is everywhere in- 
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THE STIMULUS OF WAR—AND AFTER. 

Te business of engineering in Great Britain 
possesses at one and the same time an important 
advantage and a severe handicap. The former is 
due to the initial benefit of being first in the field 

.and of being the pioneer of mechanical construction 

and of the industrial system generally : the draw- 
back—common to old-established concerns—is the 
retention of obsolete tradition and ancient methods. 
It may safely be said that up to some thirty years 
ago our predominance in the field of mechanical 
engineering was unquestioned—nearly all the 
great initiators in that field were British. More 
recently, however, this supremacy has been seriously 
challenged, if, indeed, in some departments of 
activity it has not actually passed out of the 
keeping of this country. The intensive stimulus 
of war has here and elsewhere found existing 
resource inadequate, and in the forcing house of 
military necessity there has been unparalleled 
growth in manufacturing methods and appliances, 
Systems of production which were impossible where 
applied to assorted manufacture in normal times 
have been installed, and since production without 
stint was a national necessity, cost has not stood in 
the way of revised equipment, machines and labour 
organisation. To anyone who has patriotic belief 
in the genius of the British race, such circumstances 
are regarded as being in the interests of the nation 
at large and essentially beneficial to industry in the 
mechanical trades. 

The pessimistic prophets of the future point out 
that this stimulus has been common to all industrial 
countries, and in their opinion the benefits will be 
equally shared in the commercial competition which 
will inevitably come within a short period of time. 
We do not share these views. Not only has the war 
served to draw us abreast of our rivals as regards 
certain methods of manufacture which had pre- 
viously not received the attention they deserved, 
but it has re-awakened us to a consciousness of our 
merits, co-ordinated and knit up our resource and 
stimulated the peculiar genius of the British tempe- 
rament to win through at all costs with pertinacity, 
pluck and dogged perseverance. 

We are rapidly setting our house in order, having 
control within the widely scattered borders of our 
own territories of enough resources to maintain our 
industries in a proper balance. No nation is more 
steadfast in purpose or more resolute when stirred ; 
we have discarded alien supply to solve in our own 
peculiar way the difficulties of restriction. Having 
recognised our imperfections, we may henceforward 
be relied upon to depend more upon ourselves. 
Not above borrowing or absorbing from outside 
sources fresh methods and new ideas, we have a 
knack of transmuting these in a remarkable manner, 
notwithstanding that we are hampered with existing 
institutions and past precedents. This is a racial 
characteristic; we do not need to destroy to 
perform substitution ; we can successfully weld the 
old to the new without visible rent in the body 
industrial or politic. Upon the industrial ledger is 
carried forward the balance of the past; it may 
hamper the present or not, according to the wisdom 
of the manufacturer and the operative ; but there 
is no real need that it should impede the future. 

The term reconstruction is elastic; it need not 
mean razing the foundations of the building; it 
is essentially partial adjustment, the strengthening 
of weak places, the combination of the best of 
the old and the new, which is sound policy. The 
process of adaptation needs more tact and skill 
than a new edifice; reconstruction, not revolution, 
is the desired end. There has never been a time in 
industry when evolution was more rapid, when the 
survival of the fittest was more pronounced than in 
the years cf strife now happily ended. A quickening 
spirit has permeated al] ranks, classes, and indus- 
tries, and from such an awakening it is justifiable 
to expect results of vast importance. To rein- 
state lost wealth necessitates an increase of real 
effort and actual production, together with an en- 
hanced exploitation of Nature's gifts. At the same 
time it need not, and indeed must not, mean 
the exploitation in industry of the human factor, 
whose prominence and claims are in proportion to its 
sacrifice in war. A re-adjustment of values is 





imminent ; improved methods and increased pro- 
duction in the national interest are imperative ; 
and those who seek to hamper the rehabilitation of 
stable conditions securing industrial, as well as 
national peace, are certain to be injured in the 
process. 

Industry can only flourish by reason of realised 
need, public convenience and communal economy ; it 
is the economic factor which underlies all trade, com- 
merce and manufacture. Itis easy enough to create 
fictitious values without a real basis underlying the 
figures. That State is certainly the most enviable 
where the differences in essentials between class 
and class are the least apparent. 1f only one section, 
and that a small one, leads a rational life, while 
@ vast mass exist more or less destitute of real 
comfort, opportunity or advantage, then whatever 
artificial wealth expressible in terms of credit there 
may be, itis an unsound State, for its foundations 
are insecure and its stability is imperilled. To 
visualise the future in detail would be a vain and 
impossible task; the forecasts made by alleged 
prophets have all been so wide of the mark as to 
be ridiculous. In our case, however, pessimism 
certainly is unwarranted, while undue optimism 
may be equally unsound, unless a sincere effort is 
made to secure in the future an attitude of broad 
tolerance towards the new problems certain to 
arise out of past and present conditions. 

The past must not hamper the future, by 
retaining en bloc the industrial strife left as a 
legacy by past bad tradition. What is required is 
a new orientation, a new view point, greater co- 
operation between employer and workman. Many 
have been the schemes put forward to secure the 
required end, and out of these may be constructed 
more stable conditions. Mass production on stan- 
dard lines ensures decent wages and adequate return 
on capital. Skill in the sense understood in the 
past is becoming of less moment to manufacturers ; 
but while this is the case the advances pf recent 
years involving, as they do, more compleX® systems 
Open up ample employment for specially trained 
men. There will always be a demand for highly 
skilled craftsmen, for though mass production in 
industry will need less width of experience in the 
operatives it will demand higher qualifications in 
those who direct. Manufacture is largely a matter 
of detail which the pure scientist is untrained to 
handle, trade skill in the more detailed fields is an 
incomparable industrial asset. It is more than pro- 
bable that this country possesses in the mechanical 
trades a larger reserve of men so qualified than any 
other industrial nation, and there is room for 
congratulation in the fact. In one sense, however, 
this class of man is the stumbling block to the 
introduction of mass production and modern 
methods; his asset is trade skill, and this he 
seems to regard as threatened. Hence, therefore, 
the hostility of such men to scientific management, 
a hostility which can only be overcome effectually 
by giving them every opportunity to investigate 
matters for themselves and to derive from such 
investigations a knowledge of the true principles 
of economic working, upon which alone it is 
possible to found industrial prosperity. 





MANGANESE IN Brazit.—Stocks of this ore continue to 
accumulate, says the British Bank of South America, 
Limited, and as there is practically no demand for export 
there appears to be little i i likelihood of a 
demand occurring under conditions. The only 
solution likely to relieve this situation would seem to be 
the construction of suitable electric smelting apparatus 
for the reduction of the ore in Brazil. The stocks on 
hand at Rio de Janeiro on November 12 amounted to 
256,279 tons. 





Tse Instirution or MrymG anp METALLURGY.— 
The following awards have been made by the Council 
of the Institution of Mining and Metall : (1) Gold 
medal of the Institution (premier a’ ) to Mr. H. 
Livin: me Sulman, M.Inst.M.M., in recognition of his 
contributions to metallurgical science, with special 
reference to his work in the development of flotation and 
its application to the recovery of minerals. (2) “The 
Consolidated Gold Fields of South Africa, Limited,” 
gold medal to Mr. William Henry Goodchild, M.Inst.M.M., 
or his pe on “ The Economic Geology of the Insizwa 
Range,” and “The Genesis of Igneous Ore ite.” 
(3) “The Consolidated Gold Fields of South Africa, 
Limited,” premium of forty guineas, to Dr. Edward 
Thomas Mellor, M.Inst.M.M., for his paper on “The 
Conglomerates of the Witwatersrand.” 





A PETROL-ELECTRIC FIRE ENGINE. 


Tue system of traction in which a dynamo and 
a motor form an electric link between the engine of a 
vehicle and its driving wheels has been employed over 
a considerable number of years. In its early days 
the system was associated with the names of, several 
firms and inventors, but we think we are correct in 
saying that as far as road vehicles are concerned it is 
Messrs. Tilling-Stevens Motors, Limited, of Victoria 
Works, Maidstone, who have carried it to the greatest 

tical and commercial success, Messrs. Tilling- 
tevens petrol-electric vehicles are well known, and their 
omnibuses with this type of transmission have been 
familiar in the London streets for a considerable 
number of It is not necessary at this time, of 
day to dwell on the special claims which can be made 
for, and the advantages of, this type of petrol-electric 
combination. What we wish now to do is to call 
attention to and describe an adaption of the Tilling- 
Stevens transmission to a fire engine, which has peculiar 
advantages. The fact that the special features of the 
engine follow from the adoption of a well-tried system 
of transmission and that its mechanical and electrical 
details are worked out in terms of a practice, 
will probably result in the machine, despite its novelty, 
me making a place for itself in service. 

The fire engine, which is illustrated in outline, 
in Fig. 1 on page 174, is a four-wheel vehicle fitted 
with an ordinary Tilling-Stevens combination. That is 
to say it has adeunegiieder petrol-engine which drives 
a dynamo, the current from which is used to propel 
the chassis by means of a series-wound motor and the 
usual type of worm drive live axle. The arrangement 
is indicated in Fig. 1. There is no mechanical con- 
nection between the engine and the driving axle, and 
consequently the speed of the vehicle is not dependent 
on the speed of the engine.& There aro no accumulators, 
the current being generated only as, and when, required. 
This complete mechanical independence of the driven 
unit of the set from the driving unit which is common 
to all Tilling-Stevens transmissions, has been utilized 
to make the special features of the fire engine possible. 

The engine and generator which supply the driving 
motor when the machine is travelling are also used to 
work the pump when the vehicle is at rest. For this 
purpose the pump is fitted with an independent electric 
motor. When the scene of a fire has been reached 
the generator of the petrol engine set is disconnected 
from the driving wheel motor and connected up to the 
pump motor which can, of course, instantly be put 
into work. With this state of affairs the arrangement 
still operates as an ordinary petrol-electric combination, 
with the difference that the motor end operates the 
fire pump instead of traversing the vebicle. The 
operation of a change-over switch is all that is 
to switch out the travelling motor and cut-in the 
pump motor. The pump and its motor are carried at 
the k of the chassis, as shown in Fig. 1. This 
figure also diagrammatically illustrates the electrical 
connections from the generator to the two motors. 

The advantage of the non-rigid link between the 
engine and pump is further exploited by arranging 
that the pump can be disconnected and operated at a 
distance from the chassis. This is one of the 
features of the fire engine. As already mentioned, and 
as shown in Fig. 1, the pump and its motor are carried 
at the back end of the chassis. They are mounted on 
an independent frame which is carried on wheels and 
can be moved right away from the chassis as shown in 
Fig. 2, on page 174. When this has been done an 
electric cable connects the pump unit to the generating 

ant, and the pump can consequently be as 

ore. wate ——— ja the om, dent movable 
ump wi ear. It frequently happens, particu- 
fasiy. in rural areas, that a fire engine is unable to 
obtain access to the source of water owing to the 
source—usually a pond or river—having to be 
approached over soft ground. In many cases the 
nature of this ground is such that if an attempt is made 
to take the engine across it there is great danger that 
it may get stuck and thus be prevented from getti 
into action at all. In the Tilling-Stevens set, wi 
which we are now concerned no difficulty owing to this 
cause can arise. lteter Ber Palle, 0 
difficult a: , the pump unit is simply embigned, 
as shown Fig. 2, and taken to the water, the heavy 
vehicle re in position. 

The details of the dismountable pump unit are neatly 
worked out. The unit is shown in position on the 
back of the chassis, in Fig. 3, on page 174. As will be 
seen, the pump and its motor are arranged with their 
spindles on a vertical axis. They are connected by a 

on which are mounted a pair of artillery pattern 
wheels, 4 ft. 6 in. diameter, and with 4-in. treads, 
The whole unit is mounted with guides on a pair of 
inclined ramps which form a rear extension of the main 
chassis frame. The pump unit is held at the top of 
the ramps by a pair of screw jaws. These various 
arrangements are shown in Fig. 3. It will be under- 
stood, of course, that when the pump unit is housed 
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in position at the back of the chassis, its aie are 
clear from the ground. All travelling of the fire engine 
is done on the ordinary chassis wheels. The general 
appearance of the complete fire engine in travelling 
condition is well shown in the two views given in 
Figs. 5 and 6, on page 176.. On the wheel hube of the 
motor unit there are winding drums with cables, the 
free ends of which have spring hooks by means of 
which the cables may be attached to eye-rings on the 
chassis frame. There are, in addition, a pair of steel 
tubular handles which slide in guides and telescope 
under the hose-box body. 

The pump unit can be dismounted in a few moments. 
The sliding tubular handles are first drawn out into 
the position shown in Fig. 2, and are locked by means 
of automatic catches. The electric cable plug con- 
nection is also broken. A fireman then stands by each 
of the large wheels and using them as capstans wind 
the cable taut. The screw jaws are then opened, and 
by paying out the cable the whole pump unit slides 
down the ramp until the wheels reach the 
The spring hooks on the cable ends are then unfastened 
and the pump unit, which weighs less than a ton, 
may be wheeled away. Cable drums are carried on the 
running boards of the vehicle holding flexible cable 
for connecting the pump unit to the generating plant. 

The pump and its motor with the control gear are 
shown in detail in Fig. 4, on page 175. The pump is 
of the two-stage centrifugal type, and is made entirel 
of bronze. It is directly cow to the vertical shaft 
shunt-wound electric motor which is placed above it. 
This placing of the pump at the bottom of the vertical 
shaft brings it very low down and reduces suction lift. 
Another advantage of the vertical shaft arrangement 
is that the journal bearings — practically no load. 
The end thrust of the centrifug p is arranged in 
an upward direction, and this thrust under normal 
running exactly balances the weight of the armature, 
shaft and pump impellers. The whole arrangement 
accordingly floats, and the ball thrust race at the 
top of the shaft is only under load when the pump is 
priming, or running at an output above or below normal. 
A two-cylinder single-acting priming pump is mounted 
on the motor-pump unit and is driven by gearing from 
the driving shaft. The gearing and the Pp cross- 
head in section can be seen in Fig. 4. priming 
pump draws air from the delivery side of the main 
pump, through a priming valve chamber which is fitted 
with a float. The float lifts when water issues from the 
pump, and so prevents water flowing into the priming 
or This hoa t chamber can be seen in Fig. 4. 

y means of a striking gear, also shown in Fig. 4, 
the priming pump can be brought to rest when the 
main pump has been charged. 

When the pump unit is in operation the engine on the 
chassis is left running on the governor and arranged to 
generate a voltage of 200. Control is carried out at 
the pump unit. The speed of the pump may be 
regulated, by a field rheostat, through a considerable 
range without loss of power. This results in a large 
possible variation both in quantity and pressure output 
from the pump. The rated output is. 350 gallons per 
minute against a pressure of 120 lb. per square inch. 
It is pointed out by the makers of this fire engine that 
the system from which it is evolved is capable of other 
modifications. For imstance, by the provision of a 
suitable hull, a land petrol-electric fire engine could be 
used at any time as a fire float. The boat would be 
provided with a motor and when the chassis had been 
run on board the boat motor would be connected u 
to it and the petrol-electric generating set would pro 
the boat. On arrival at a fire, the power could at once 
be transferred to the fire pump, or the chassis could be 
landed, could travel any inane under its own power 
and then could proceed to its pumping duty. In a 
similar way the system could be applied to a railway 
truck fitted with a driving motor. In this way the 
petrol-electric fire engine could travel first by rail 
under its own power and then be transferred to the 
road and proceed to its normal duty. 





Forestry IN QuEENSLAND.—The area of the timber 
seserves in existence in Queensland at the 

of 1918 was 2,804,967 acres. New reserves comprising 
an area of 24,560 acres were gazetted during the year, 
whilst 101, 795 acres were excised from reserves previously 
existing. Recomputation of areis and the more exact 
location of bho’ ries accounted for a decrease in area 
of 7,473 acres, making the total area of the ordinary 
reservations for timber 2,671,139 acres. The apparent 
discrepancy of 49,120 acres is “due to reserves containing 
that area having been converted into State forests. 
The number of State forests and National estab- 
lished under the State Forests and National Parks Acts 
was increased from 73 to 83, the total area of a 
under the Act being now 1,196, .880 acres, com 

1,342,885 at the t) vious oe BE he 

rates of royalty per 100 superticial feet eho 
standing timber made we the year were : more bee a cedar, 
20s. ; katuri pine, 4s.: hoop pine, 12s.; hardwood, 3s. ; 
maple, Te, 
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PETROL-ELECTRIC FIRE ENGINE. 
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MESSRS. TILLING-STEVENS MOTORS, LTD., ENGINEERS, MAIDSTONE. 
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PETROL-ELECTRIC FIRE ENGINE. 


CONSTRUCTED BY MESSRS. TILLING-STEVENS MOTORS, LTD., ENGINEERS, MAIDSTONE. 
(For Description, see Page 173.) 





\ 











Fig .4. 























— 


€ 





iL, 
Fie. 4. Suormon or ELEcTRICALLY-Driven Pome. 


- a to be ice. Further, if any of the 
“THE CAMMELLAIRD-FULLAGAR ENGINE.” | four pistons ins unit faile, it is very likely to put the 
To Tae Eprror or ENGINEERING. comp unit out of action, and it is questionable if the 
Smm,—I have studied with much interest the description | other unit could “ carry on” at sea. 
and diagrams of the Cammellaird—Fullagar marine engine,| In a two-cycle engine the lubricating oil consumed by 
published in your current number. the piston is a serious item, and it would appear that here 
The Fullagar principle is, of course, well known, and | again a multiplicity of pistons is not desirable. It is 
embodies excellent features with a sound basis, which | realised that 


this question of number of ve only 
have given very successful results applied to land| applies to engines up to a horse-power which can be 
service, in the case of engines running on gas. There | developed in six si -ecting cylin of normal de 
are, however, examples of steam ines which give | —but that covers any power that a shipowner is y 
highly satisfactory and economical te on land, which | to ask for at present. 
one would never to fit on board a ship—Why ?| As regards the scavenging, I think all Diesel 


ol engineers 
Because the merchant service has most exacting require- | will admit that valve sca ing, from the cylinder head, 
ments which must be met before any other, and these | has serious drawbacks, which rules out sketch ‘ A,” 
are: First, reliability, and secondly, accessibility and | Fig. 7. 
ease of repair or replacement i 
Sean, Ceneteah shawl, Se-sapiite 465 ing on’’ | remarks apply to a correctly designed valve-controlled 
even though it is partly disabled. 
whether the marine complies with these require- | pressure is not much above the Rm nal a 
ments, but possible difficulties with the piston ing | matter of fact, the engine is distin to an 


gear, to mention only one point, leave it rather an open | efficient valve-controlled port scav _ two-cycle 
question. For marine purposes the engine could not engine, in that it cannot be superc' as is the case 
be made in less than two units, each unit consisting of in, for instance, a Sulzer engine ; uently the mean 


four pistons, é.¢., @ minimum of eight pistons per engine. | pressure in the cylinder is limited to below that 
It is well known that the piston is the heart of an internal- which gives the lowest fuel consumption. This explains 
combustion engine, and multiplying this part does not|the low figure of 67 lb. per square inch brake mean 





individual parte.| As regards sketch “ B,” neither the ‘llustration nor the 
y 
Experience will show | port-scavenging two-cycle engine, in which Concerns there is 











controlled t t this 
effect in PS eteee te 1,000 brake horse- 
power Fullagar engine illustrated 
g 3 = Cran 
° u 
— fils idly Ealy 
a L 4 E 
ma? | i me |e 
Follaga 250 | 110] 18) | 28 |458| 67 . 
Port controlled scav- " . 
enging type. . .. | 250] 110} 213 605; 75 | 4] 4 
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It will be seen that the Fu design with twice the 
number of pistons, is only $ in. in diameter, and it is 
impossible to increase its speed to the safe 
Spano: 6 00 Aen to & would make the ne of 
normal height or the revolutions too high for a suitable 
P . It is very doubtful if the advantages of a 
engine compensate for this increase in the 
number of cylinders. 
The ne has undoubtedly cut down space 
in a fore and aft ion, but the comparison with the 
D.A. engine of the “ Fritz” is hardly worth consideration, 
as these engines were designed about ten years ago, and 
from inspection it was obvious that length could have 
been cut down if it had been of vital importance. 
I am, Sir, yours truly, 
. N. Everert, A.M.1.C.E. 
29, Bede Burn-road, Jarrow-on-Tyne, 
February 2, 1920. 





“THE AEROPLANE OF CONSISTENT 
STRENGTH.” 
To rae Eprror or EnGcrveerine. 

Sre,—In the current number of Enormverrrme is an 
article by Mr. A. J. 8. Pip , dealing with the factors 
of safety of aeroplanes. . the matter has been dealt 
with by me at some length elsewhere I should like to 

The fires past of Mr Pippard forth the 

part o . Pi *s paper sets fort 
doctrine that the wing structure of an aeroplane should 
be designed (i) to take N times load with the centre of 
re in its most forward tion, (ii) for the con- 
tions obtaining in a vertical dive. May I point out to 
Mr. Pippard that this doctrine was preac by me, 
supported by several numerical instances, in Aeronautics 
June-A » 1919, and that my articles contained 
practically the whole subject-matter of the first two 
columns of Mr. aw s article? No doubt Mr. 
Pi is unaware of this. 
me make a few extracts from my articles (the 
dates refer to Aeronautics, the § numbers to the sections 
of my treatise). After considering in devail the loads 
which come upon the wings as a whole (May 15—June 12) 
I say (§51, June 19): “Two cases call for jal treat- 
ment distinct from others, namely, a vewical dive and a 
spiral dive. In all other cases we have considered— 
banked turns, flattening out, &c.—the large loads occur 
+ »« «When the centre of pressure is in ite most 
forward tion. Excessive loads do not ocour when the 
centre of pressure is back towards the rearspar. . . . 
If we ign @ machine to a factor of safety n at the 
stalling angle, it will just break if it be put into the stalling 
position at a speed V, y™ where V, is the stalling *" 

§61, July 17: “ basis of strength calculations 
should be the speed (V) at which a machine may be 
suddenly stalled without risk of breaking the w ; 
the dynamic load factor is (V/V,? . . . In the case 
of high-speed flight, it may be necessary to check the 
strength with the c.p. in the positiqn corresponding with 


to) o 

fos, July 24: “. . . suppose the load factor used 
under this condition (c.p. forward) is u; the question 
arises whether, when the c.p. is further back, the rear 
spars may be called upon to bear more than u times the 
load they have to carry when the centre of pressure is 
forward.” After analysing six cases, taken from modern 
practice, I continue: “The above figures are sufficient 
to show that, with judicious spacing of the spars, it 
should always be possible, in tal 
apeod, to peorens eee i ge Capea yep 
about four times the load with the c.p. in its most fo 
position.”  (4.e., four times normal load with c.p. forward 

§79, August 7: “. . . the wings should be desi 
with the aeroplane in the stalling position, with the 
centen of peste STTES, 2.0 le load factor being 
chosen. It is bable that the wings will then be strong 
enough for other conditions of flight; the most 
doubtful quantity will be the strength of the rear spars 
when di any oS Overton gues. D hetee 
desirable, can also be checked strength at top 
speed ag Pippara is further back.” 
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ef my articles (July 31) I have investigated the matter 
of truss loads in « vertical dive, and quote the following : 
‘In # vertical dive the resultant lift on the wings must 
be equal and opposite to the load on the fail, and the 
latter must be such as to cause a couple which will 
balance the couple due to the pitching moment of the 
wings and body. It will be seen* . . . that, at 
small negative angles, the pitching moment of the body 
is comparable with that of the wings and cannot well be 
omitted from the calculations. . . . Again, it will 
be seen from the only model experiments available, the 
pitching moment of the wings is considerably altered by 
stagger at small angles of incidence, and there is no 
reason to suppose that the gap/chord ratio is not of equal 
importance. 

‘he formula quoted above does not take into account 
the pitching moment of the body, and I believe this to 
be of primary importance in a vertical dive. I do not 
think it possible, in our present state of knowledge, to 
ealculate with any certainty ( ibly not within 100 per 
eont.) the tail load in a vested died at the limiting speed, 
without recourse to extensive experiments on a modei 
ef the aeroplane under consideration. Even then there 
would be the uncertain influence of scale effect. A perha 
rather less uncertain guide is the maximum load the 
pilot is capable of holding on the tail. Beyond this, 
it seems to me that at present any simple empirical 
formula is probably as good as we can do. 

Even if we could take the above formula as giving the 
true load on the tail, we are not much better off; we 
eannot calculate the spar loads without detail model 
experiments ; they will be considerably affected by the 
difference between the lift and moment coefficients of the 
two planes. 

I hope the time will soon come when we shall be able 
to be consistent in structural design, but I think that 
time is not yet. We can be consistent on the formule 
Mr. Pippard puts forward, but we shall be making the 
strength of the wings in stalling, &c., which we understand 
fairly well, consistent with nose-diving conditions, of 
which we are sublimely sqragrent, except in special cases. 

Yours faithfully, 
Joun Casz, M.A., A.F.R.Aé.S. 

(The above letter has been submitted to the author 


of the article criticised, who has forwarded the reply 
whieh we append.—Eb. E.] 





Mr. Case, in his letter, gives the impression that I am 
guilty of plagiarism by reason of the fact that in my 
article on the ‘Aeroplane of Consistent Strength” 
I coincide with certain views which he expressed in 
Aeronautics of June 19 last. The answer is simple. My 
article, although only just published, was sent to you 
on June 17, two days before the appearance of the article 
referred to by Mr. Case, 

The first record I can find of this “‘ doctrine’’ appears 
in the report of the Advisory Committee for Aeronautics 
for 1913-14, where, on page 360, Captain F. M. Green 
shows that the critical case of loading occurs both for 
the front and rear spars of the wings when the centre 
of pressure is in its most forward ition, and he then 
proceeds briefly to develop the idea. Any credit is 
therefore due %, Captain Green. The method was 
further extended by me for application to the design 
of tail structures and fuselages, and published in Septem- 
ber, 1918, as an Air Ministry Confidential Information 
Memorandum (No. 732). r. Case can hardly 
unaware of the existence of this memorandum, as at the 
time of its publication he was a member of the Criticism 
of Construction Section of the Technical De ment, 
of which I was in charge. It is true that I did not 
burden my article with figures in a of the proposal, 
but during the last year or two I have had occasion to 
analyse a large number of aeroplanes from this stand- 
point, and have found the method a safe one. 

I am not replying to Mr. Case’s other remarks, as 
further correspondence may also raise technical points, 
and I can then deal with them together if you will allow 
me. . 


A. J. 8. P. 





“ WATER-COOLED TURBO-ALTERNATORS.” 
To Tae Eprror or ENGINEERING. 

Srn,—I have read with interest your article on 
** Water-Cooled Turbo Alternators,”’ in your issue of the 
23rd ult. I would have cOmmunicated earlier but 
have been from home. A paper which contains pro- 

osals for new construction naturally invites criticisms 
or which the writer must be prepared ; there are, how- 
ever, two matters in your article which I must take 
exception to. 

You say my statement, ‘‘ Fusion welding is now an 
accepted construction for the more arduous uirements 
of high-pressure boilers and steam piping,” is untrue ! 
A more direct contradiction could hardly be made, and 
one would naturally imagine so strong a statement 
would not have been made without knowledge. To 
elear the ground, I would say tae term fusion welding 
is generally understood to cover méthods of electric or 
aint de welding whereby tne metals to be united 
are locally heated and the faces welded with the aid of 
external metal run into the weld from electrodes or metal 
rods fused in the flame. I again state this method 
welding in connection with boiler work is an a ted 
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Fie. 6. REAR View or FIRE ENGINE, 


(6) Astandard “ A” marine boiler has been electrically 
welded in the principal seams, and accepted by Messrs. 
Lloyds and The British Corporation. 

(c) The leading boiler insurance company accepts 
electric welding for both repairs and new construction, 
their written opinion (which I have seen) reading: 
“In the hands of ‘qualified and careful operators there 
is a big field in the boiler world for quasi-arc welding.” 

(2) The latest mass construction of locomotive type 
boilers introduced by one of the largest agricultural 
engineering firms in the Eastern Midlands is to form the 
boiler shell in two parts, which are then placed together 
and the entire seams are electrically welded ; this method 





construction for both and new construction. 
For irs it is used for ing up weak spots where 
plates have been locally attacked or where joints and 


seams have yielded. 
For new construction I am informed that :— 
(a) Over 500 boiler fire-boxes for steam wagons have 
been constructed by fusion welding. - ey 





* From examples analysed inthe te xt. 





is pted by a well-known boiler insurance company 
in Manchester. With regard to steam pipes, I have 
within the last few days visited the works of one of the 
best known tube makers in Staffordshire, and there 
found that fusion welding was an established practice 
for high pressures and superheats up to 700 deg. F., and 
in constant use for— 

(e) Welding on flanges. 

(f) Attaching bosses, and branches up to 12-in. bore. 

(g) Repairs of local weaknesses. 





SHOWING Pump. 


(h) Re-welding gashes (or “ cutthroats ’’) on the inner 
side of sharp bends. 

Such use has been established to my own knowledge 
for the last eight years, and the use of fusion welding is 
in process of extension to cover pipe-work construction 
for high. superheats. ; 

Further, the welds ar» now being carried on in this 
workaday imperfect world, under the comparatively 
rough conditions of a pipe works with open sheds and 
during most vile weather. : 

Within the ordinary acceptance of the meaning of 
words, and upon the evidence now set out, I think your 
readers will accept my statement ‘Fusion welding is 
now an accept construction for the more arduous 
requirements of high-pressure boilers and steam piping 
as correct. ‘Ten years ago, Dr. Ferranti was investigating 
the possibilities of high superheat turbines, and after 
careful consideration of all methods of fixing the rotor 
blades to their drums he adapted electric welding as the 
most reliable, and that for temperatures approaching 
1,000 deg. F. The next few years will see great develop- 
ments in fusion welding. WA. 

The second matter I take exception to is your criticism 
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of my p construction for water-cooling of rotors 
shown on . 8 and 9 in my paper. You say, sooner 
or later water leakage will take place between the 
laminations, this is obvious, but then I do not suggest 
this construction for plate-built rotors ; on the contrary, 
I say ( 16, line 5) ‘‘ where the water duct is milled 
out of the solid tooth.”” Why for the purpose of criticism 
this should be changed to laminated tooth, I do not know. 
You partially appreciate the difficulty of alternator 
design when you speak of the impracticability of building 
a capstan lathe of ee material, a more correct 
simile would be the breech block of a gun instead of a 
capstan lathe. Whereas the designer of mechanical 
appliances has usually the choice of many materials, 
and may employ as much of the best material as he thinks 
necessary, the alternator designer has the choice of only 
a few insulating materials, all mechanically weak, and 
the quantity of such material which he may use is 
limited by thermal considerations. Nevertheless the 
whole of the mechanical stresses from the turbine must 
be transmitted through such mechanically unsatisfactory 
material, together with the highly impulsive additional 
stresses on short circuit. Two courses are open: (1) To 
lessen the mechanical shock on short circuit by 
reactance, (2) to support mechanically such insulation 
in the most effective way. The first method has only 
a limited application, the full advantage of the second 
only be secured by use of the continuous winding 
slot. 

We appear to be in agreement so far, but you then 
say that as regards the rotor air cooling may be employed 
to dissipate the heat instead of water cooling. This 
construction was extensively tried in 1912-15 (Patent 
No. 17391/1912), but overheating took place, and, in 
consequence, the rotor windings broke down. 

You further say you do not consider water cooling 
of alternators a matter of urgent or immediate prob- 
ability for normal service, surely you are aware that in 
the North of England under one roof may be found 
five turbo-alternators, each of 10,000 k.v.a., the rotors 
of which aré all water cooled. These machines are all 
engaged in normal service and are neither complicated 
in construction nor offer difficulties in o tion. 

You say I omit to mention the point of increased 
— from the same frame due to water cooling, but this 
is clearly set out on page 14, where it is stated, ‘‘ there 
are substantial grounds for concluding that water 
cooling will allow an increase in output for the same total 
weight and volume of 25 per cent. to 33 per cent.” 

You consider I have overdrawn the weaknesses of 
turbo-alternators, have not made good any necessity for 
change and have put forward Le panne that complicate 
the machine; those interested I would refer to my 
paper. 

To your contributor I would say it is desirable to read 
a paper carefully before criticising, and that opinions to 
be of value must be based upon knowledge and 
experience. 

I am, yours faithfully, 
JOSEPH SHEPHERD. 

Brighton Lodge, Bexley Heath, Kent, 

February 3, 1920. 


{In view of the evidence which Mr. Shepherd is able 
to bring forward in defence of his reference to fusion 
welding, we must admit that our direct contradiction 
calls for apology. With some of this evidence we were, 
of course, familiar. Other is new to us. The point we 
had in mind, however, was not that oxy-acetylene or 
electric welding had never been used for boilers, but that 
it was not yet a generally accepted form of construction. 
To this we must adhere. ertain firms and certain 
people are prepared to use it, but the generality of 
engineers are certainly not yet prepared to have their 
high- boilers either made or mended by fusion 
welding. In the second point mentioned by Mr. 
8 erd, we are clearly in the wrong. Our criticism 
of his method as applied to laminated teeth was due to 
pure oversight and was not due to any desire to mis- 
represent his paper. On the third point, that of in- 
creased output which water cooling might bring, there 
was, however, no oversight. We did not say Mr. 
Shepherd omitted to mention it. We said he failed 
spectfieally to make the point. In this we were referri 
to the fact that he did not include it among the tabula 
claims of advan of his construction which a 
in the conclusion of his paper. As we have said, we 
~, ~ this as one of the most important clairms.— 

p. E.) 





CENTRIFUGAL SePaRaTors.—We read in The Star, 
Johannesburg, December 19, the account of the sixth 
annual general meeting of Continuous Centrifugal 
Separators, Limited, from which we take the rep 
data concerning the machines of this company, of whic! 
we gave an illustrated description in our vol. evii, 

354. The first reference deals with the planetary tired aa 
the “tin” machine for the treatment of metalliferous 
slime, and the account states that the one erected some 
months since at Zaaiplaats, with its improved gear, is 
doing excellent work in bringing about the recovery of @ 
high percentage of its original tin value from slime 
ere a nt ym emenmee y better work than is 
t done in any other part of the world. The 
in question can deal with over 40 tons of slime per day. 
The company’s sugar machine, ing to unbiased 
—— promises to effect a saving 
the total cane sugar output, by shortening the 
‘iam Gul panty? Set eubation deerake A 
— i 
ani 


THE STRENGTH OF SOLID, BUILT-UP AND 
LAMINATED AEROPLANE SPARS.* 


THE purpose ot this report was firstly to determine 
test the suitability of fir and cypress woods for 
aeroplane use, compared with Sitka spruce; secondly. 
to determine whether a plain rectancular I-section spar 
any advantage over the oblique I-section spar. 
which is used at present. other than the advantage of 
simplicity in shop operation. The increased demand for 
Sitka spruce has made it necessary to look elsewhere for 
satisfactory woods that will meet aeroplane requirements. 
This report not only deals with experiments leading to 
the use of a perfectly satisfactory substitute for spruce. 
but also with the development of some method of 
construction which will conserve the present supply by 
utilising more of the selected material. The tests 
included not only solid spars to determine their suit- 
ability as substitutes for spruce, but also spars built un of 
t' pieces. or of laminated construction, and tested to 
determine their strength in comparison with one-piece 
construction. 
The built-up and laminated constructions eliminate 
the waste involved in the process of cutting the T-section 


DIESEL ENGINE CASTINGS.* 
By F. J. Coox. 
Monsreur Gzorces CaRELs, in the excellent address 
ve to this Institution six years ago on Diesel engines, 
the following significant remarks, which have a 
j “ Success is not 









a 





from solid timber. In such construction ft is also |2°+ only Monsieur Carels, but every one ' ‘ 
possible to use woods in short lengths, and though the cost yore! re roe — engines, Fo 
of manufacturing built-up spars is somewhat creater ene of :tienl ton nemo , the a is 
than that of producing the solid spar. the cost of the raw portance. being em 


material utilised is much less than the cost of the care- 
fully selected timber used for solid spars. 

It is concluded from the work covered by the report 
that spars of fir can be produced, which, weight for 
weight, will prove as strong as those made from spruce, 
will be slightly less stiff. Cypress, 


on the basis of equal section moduli, the former are 
of the two. The full report. which is 

“The Strength of One-piece 
inated Wood 


Beams,” may be obtained, on request, from the National 
ry ky Committee for Aeronautics, Washington, D.C., 





plates or a design which tends to a loose intermixture 
Fost ror Inrerwat-Comsvstion Ewonres |! the and low intercrystalline cohesion, is of 
Erratom.—We regret to find that in an article necessity 


on page 150 of our last issue we referred to Lieutenant- 
Colonel D. J. Smith’s paper on producer gas for motor 
vehicles as having been read before the Institution of 


Mechanical Engineers. The paper was~actually read 


are surface and in the direction in which the 
before the Institution of Automobile Engineers, and was heat the fluid ti j , aft th 
reprinted in our columns on pages 59 and 92 ante. We bod of li 1 solidi passed 

also commented on the paper in a leading article on a ng fying 


page 85 ante. 





Soutrn ArricaA Minrs DerrartmMent RETURNS.— 
The statistics of the South Africa Mines Department for 
November show that the coal output was 822,180 tons, 
representing a value of 274,896/., a decrease of 99,258 
tons and in value 39,6727. The Transvaal output was | j 
532,955 tons, a decrease of 57,967 tons; the Cane, with 
an output of 467 tons, was 64 tons better than the 
October return. The Free State returned 59,406 tons. 
a decrease of 7,616 tons. while Natal produced 229,352 
tons, a decrease of 33,739 tons. The Transvaal shipped 
549 tons of copper, which was valued at 30,724/., and 
the sales and shipments of tin amounted to 112 tons, 
of which the Cape contributed 3 tons, the total value 
being 21,685. 





American Supriies AND PRopUCTION oF AIRORAFT 
Woopds.—Report No. 67 of the United States National 
Advisory Committee for Aeronautics gives, in brief form, 
such information as is available regarding the supplies 


of the kinds of wood that have been used, or seem likely | 4te equally true of castings in — but are of primary 
to become important, in the construction of aeroplanes, | im in design of engine pistons and 
and the amount of timber of each species normally put heads. 


on the market each year in the United States. A general 
statement is given of the uses of which each kind of wood 
is or may be put, but no attempt has been made to go 
into a technical discussion of these various uses. Many 
of the figures included, particularly those relating to 
amounts of standing timber, are admittedly only crude 
estimates, but, so far, they are the best available. The 
figures relating to the production of timber are taken 
the annual timber census reports, and may be 
relied upon. Estimates as to the proportions of the 
total timber production of different species that may be 
suitable for eh pmpeeeny! of —- are necessarily 
very general, are open to modification as methods 
of sawing or as aeroplane specifications change. State- 
ments the uses of the different woods are 
ve an idea of the industries with 


i 





Se ee 
ngineers an ro tere ay eweastle-upon-Tyne. 
, January 30, 1920. 


fe 





also by —— fermentation and inv s 

t of crystallisable sugar. The world’s 
cane sugar —¥ now ag <anenes tons per annum, 
estimated at 175,000,000/., the saving would work out at 
14,000,0001. annually. 











request from the Nat Advisory Committee for Outerbridge, Franklin Institute, January, 1904. 
eronautics, Washington, D.C., U.S.A. pF esandy and Carpenter Journsl of the Iron and 
Steel Institute, May, 1909. 
* No. the United States| § Hatfield. Journal of the Iron and Steel Institute 
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point marked A in order to avoid a too abrupt change of 
section. Also, an angle at the bottom of the cutaway B 
(where such is required to miss the valves in the cylinder 
cover) is most desirable, for it must be remembered that 
a definite change in contour brought about by a 
sharp corner forms a point from which a crack is very 
waliesatin should be taken of in 

very advantage en of any process 
manufacture that will facilitate closeness of grain with 
its consequent close packing and greater cohesion of the 

stals. It is therefore advantageous to cast the 
cylinder liners and on end, with the breach end 
at the bottom, thus taking advantage of the static pressure 
bs the metal in the mould. ei gen pe Pog ta ye 
lor improving the compactness o piston it 
the use of these requires special care or hardness will be 
overdone. 

Hardness is a point which requires very careful watch- 
ing in this class of work, as a cast-iron piston, if too hard, 
has a tendency to split “ee across when first put to 
work, particularly if it is subjected to full load soon after 
starting. A tough iron, therefore, is more desirable. 

The ies of cast-iron which are essential to 
successful working of Diesel engine pistons and liners 
are: High tensile and other A ne gener gp eer metal 
which will readily take a h po under working 
conditions and thus give resistance to wear, and 
the ability to resist growth and cracking when subjected 
to the high working temperatures which are a feature of 
this class of engine. These conditions are only met with 
in cast-iron ing the highest intercrystalline 
cohesion, and this is also associated with metal which 
gives the highest tensile strength. It is a remarkable 
and fortunate circumstance that all these desirable 
qualities are associated with cast-iron in proportion to its 
tensile . This naturally narrows the choice, 
and materially assists in determining the proper metal 
to be used. 

* The factors which tend to give & cast-iron having the 
highest physical properties are :— 

}. Chemical composition. 

2. Casting tem ture. 

3. Rate at eeling. 

4. Microstructure. 

It is essential to take into account the rate of cooling 
when considering the chemical composition of metal to be 
employed in any given casting. For the purposes of this 
paper, therefore, the proportions of the various chemical 
elements suggested are based upon those which will give 
the highest tensile strength on a bar cast 1} in. diameter 

lel and turned down to 4 a square inch or thereabouts 
in the centre, 

—The most important element in cast-iron 
is carbon. It is not too much to say that all the physical 
properties of the metal depend upon the quantity of this 
element present and its condition, the of other 
elements being in accordance with the effect have 
on the carbon and the compounds it forms. It is very 
seldom that one finds any particular mention of the total 
quantity of carbon t, whilst the quantity of 
combined carbon advisable is quite glibly spoken ~ 





Yet it must be obvious that with the same percen 

combined carbon present there must be a great difference 
in the condition of the metal if the total carbon varies, 
say, from 3 per cent. to 3-75 per cent., particularly when 
Dr. Stead* has shown examples where an increase of each 
0-1 per cent. of graphite has reduced transverse strength 
by 2 owt. and tensile strength by 0-8 tons per square 


inch, 

Professor Turner, in his admirable book, ‘‘ The 
Metallurgy of Iron”’ (page 251), states that maximum 
tensile strength is associated with 0-47 per cent. of 
combined carbon and maximum transverse strength 
with 0:7 per cent. The author's ience, however, 
leads him to the conclusion that these figures for present- 
day practice should be » maximum tensile 
strength being obtained with 0-6 per cent. to 0-8 per 
cent. and maximum transverse with 0-4 per 
cent. to 0-6 per cent. and with total mn not exceeding 
3-25 per cent. 

Siiscon.—One of the most important elements in deter- 
mining the suitability of cast-iron for any given 
is silicon. This element is always present, in proportions 
most variable, whilst the influence it exerts on the 
condition of the carbon present, and consequently on the 
bardness and fluidity of the metal, is most marked. 
Professor Turner’s research on the effects of this element 
on cast-iron, though made some thirty years or so ago, 
has stood the test of time, and, probably it is not too 
much to say, laid the fi for the application of 
the science of chemistry to practical working in cast iron. 

As the quantity and ition of the earbon have been 
stated to be so important, whilst the effect of silicon on 
this element is so marked, it is clear that if a formula can 
be adduced that will show when these two elements are 
in the best proportions for any given class of work, a 
very important stage will have been reached. With 
this object in view, the author has adopted the following 
more or less empirical formula, bised upon the amount 
of carbon in the pearlite, and he has it with marked 
success in practical working :— ; 

Cc 





Sc = 
4-26 — 3-6 
Where Sec = ratio of silicon to carbon. 

C = total carbon in percentage. 

Sil = silicon in percentage. 
The elements carbon and silicon are in the best proportion 
for Diesel-engine pistons and liners and — requiring 
highest tensile strength when tho value of Sc = 0-76-to 
0-82, and for water-cooled cy heads and castings 


* British Foundrymen’s Association Proceedings, 1915. 








pre aan transverse strength when the value 


Sulphur.—By many, agg is looked upon as the 
arch-enemy of the ironfounder ; but although iis presence 
makes the molten metal thick and sluggish, thus giving 
rise to blowholes, this element, in fair proportions— 
say, 0-12 per cent.—adds considerably to the wearing 

jes and. strength of the metal. In every case, 
er, sulphury iron must be cast as hot as possible 
if trouble is to be avoided. 

P .—There are many who think it impossible 
to produce strong irons without the tage of 

being very low. To lower this element 
uently resort to hematites, but these, with 

igh percentage of total carbon, often do more harm than 
a liberal amount of phosphorus would. When the 
propemnene of total carbon and silicon are those required 
or maximum tensile in the formula given 


earlier in this he proportion of phosphorus may 
be as high as 1 per cent. vithout seriously jeo isi 
the tensile strength ; in fact, with steam cylinders 


castings requiring maximum strength and of complicated 
gocien, the reduction of shrinkage and the additional 
fluidity of the metal due to this percentage will generally 
result in a, sounder casting, with fewer initial con- 
traction strains. Where the ratio of silicon and carbon 
is different from that which has been , the 
quantity of phosphorus becomes one of the vital elements 
and must then be kept as low as possible. 

In the early part of this paper reference was made to 
the fact that only two investigators were known to the 
author to have dealt with this particular problem. One 
of these, Mr. J. Hurst, has contributed two 
excellent * in which he has dealt in an exhaustive 
manner with many of the troubles to be met with in 


cast-iron in the working of Diesel engines. One of the 
conclusions he has arrived at is that a high percentage 
of phosphorus is detrimenta: in this class of work. 


nfortunately the chemical anal end physical 





properties given by 
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Mr. Hurst do not fulfil the require- | rubb’ 


lace pistons were made with this 
1-34 cent., but with a silico- 

satisfy the | alB%g whilst the manganese 
very low, being only 0-28 per cent. These pistons 
still giving excellent results and the engineer’s first 


sixth column and descri as “‘ Scotch ”’ have also given 
excellent results. Many pistons of this class of metal 
were employed in submarine work during the war. The 
last column contains the corresponding particulars 
recommended by the author. 

In each of the instances cited—and many more could be 
given if necessary—the results in actual working bore no 
relation to either the phosphorus or the manganese con- 
tent of the metal, but were closely related to the results 
— by the silico-carbon ratio. 

anganese has a tendency to harden the iron both 
directly and by ae Se carbon to remain in the 
eombined form. In t presence of much sulphur, 
however, it may act as a softener by uniting with that 
element and forming managnese sulphide, which rises 
to the top of the metal and passes away with the slag. 
When adding the manganese to the Fae, | in the form of 
ferro-manganese, in the ladle it is necessary that the metal 
be very hot and that sufficient time be allowed for the 
change to take place, otherwise the Z Iphid 
will be found in the top part of the casting in the form of 
very hard spots which are difficult, if not impossible, to 
tool by ordinary methods. The general properties of the 
metal—other than a tendency to chill—are not materially 
affected so long as the manganese is not in greater pro- 
portion than 0-7 per cent. For castings in the i 
of which denseners are employed on faces which have 
to be machined, it is not advisable to have more than 
0-4 per cent.; otherwise there will be a tendency to 





As manganese tends to the removal of sulphur and the 
formation of brittle A ge A crystals, which Sonohs off under 


ing, much of this el mt is not good for castings 
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ments of the formula which has been stated and thus, 
the composition having started from a r basis, the 
quantity of phosphorus has become of critical importance. 

Table I, which contains part of the information gleaned 
by the author from several years’ study of itish 
and Continental resulta, to show that where the 
silicon and carbon are in desired ratios, the quantity 
of phosphorus present does not become so extremely 
important. 





























Tasre I. 
3 
: : ‘ 
> a . > 2 
- -'/s |g {4 ; 
Plilelalila| # 
i a. rE 
ei/|°/$/8la i B 
per per per per per per per 
cent. | cent. | cent. | cent. | cent. | cent. cent. 
Phos. ..| 0-62 | 0-33 | 0-59 | 0-54 | 1-34 | 0-54 | Not over 
a. 
Mang 1-44 | 0-72 | 0-99 | 1-08 | 0-28 | 0-97 | Not. over 
0-5. 
Sc. -|.0-9 | 0-83 | 0-91 | 0-92 | 0-8 | 0-77 ay to 
“82. 
Results -- good | bad bad | good | good | Has never 
given star 
cracks, low 
tensile re- 
sults or 
or oak: 
ig qual-| 5 
ties. 











The second column gives particulars of a piston in a 
German-made engine. This engine has given reasonably 
See Se ae eo Ny 
running pistons were found to slight]. iormed, 
and showed signs of wear, but they would generally 
be classed as In the engine of make 
dealt with in the third column, the piston did not last 
six months, having worn badly and star-cracked, but 
because the horus was not low 
manganese not sufficiently high. With 
the next engine, described as “‘ Continental,” the results 
n were bad from the first. Without any 
alteration of design, and specially to prove the effects of 
Proceedings, 1916 Toecittion of Brit ah Fourie men , 

\ ti s 
Proceedings, 1917-18. 
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which are required to have good wearing properties when 
working cnt heated conditions. 4) 

To sum up, the proportions of the various chemical 
elements which the author has found to give good results 
for Diesel engine cylinders liners and pistons are :— 

Total carbon = 3 per cent. to 3-2 per cent. 

Silicon = 1 per cent. to 1-2 per cent. 

ae regia = Not over 1 per cent. 

Sulphur = 0-12 per cent. 

Manganese = Not over 0-5 per cent. 
RR I seed covers, which uire jar Fw | not ane = 

or wearing purposes, and in which m wit 

rather less contraction is desired, the silicon can with 
advantage be increased to 1-5 per cent. and the man- 
ganese to 1 per cent. 
y years’ experience with this class of metal 
the author finds that the most advantageous amount of 
steel to be added to the mixture is 15 per cent. E, i- 
ments with ing amounts up to 40 per cent. have 
made, but with above 15 cent. the metal has a 
tendency to be too hard, which is very undesirable for 
this class of work. Further improvement will bably 
be gai by the addition of some of the rarer elements, 
and in this direction vanadium-chrome or nickel-chrome 
seems to hold out some prospect of success. 

Whilst chemical analysis gives the quantities of the 
elements present, the quality of the metal depends also 
upon how they exist as compounds and upon i 
association and relative distribution through the whole 
mass—just as in the case of the human body, it is not 
only essential to have the correct proportions of bone, 
pane | ry — all must oe each — 
correctly if the person is to thy strong. It 
is theneese essential that the etched surface of the metal 
as seen under the microscope shall consist of large areas 
of pearlite and moderately small areas of cementite and 

osphide eutectic, with the graphite in a finely divided 

orm. Such a structure is illustrated in Fig. 6. s 

Surface Wear.—There is much room for investigation 

into the of cuntane Gisintagetion died ‘omen at 


T the copliade The 
or less tearing away ©: 6 
of the softer material cracks or 
indentations and leaves the harder constituents —— 
The degree or fineness of the finish 

was cut ; y speaking, , accord- 
ing to Professor Poliakoff* the quality of the finish will be 
improved as the cutting speed The resistance 


* Manchester Association of Engineers, 1915. 
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to wear under working conditions de; upon how far| The tensile test bars were cast 1} in. diameter, turned Totel carbon decrease from 3-163 per cent. to 
the crystals will resist breaking off—thus forming a hard, | down after annealing to } sq. in. area in centre’ before 3-027 cent. 
gritty abrasive substance, which increases the wear— | testing. The transverse were cast 1} in. square, Sulphur increased from 0-112 per cent. to 0‘17 
or will spread over and form a highly polished surface. | machined to 1 in. square, and tested on 12-in. centres. _per cent. 

The existence of large lite areas thee in Fig. 6,| The impact bars and tests were in accordance with the Silicon decreased from 1-586 per cent. to 1-306 
with the small areas of harder constituents and fine | notes on impact given later in this paper. The hardness per cent. 


graphite, has a marked effect in bringing about the latter 
“Grinding f cylinder lin d piston ri being less 
rinding of cylinder liners and pi rings, 
drastic and exposing less of the harder crystals, appears 
to be a desirable method of finishing these articles, 
rovided every trace of emery be removed. Where this 
is not practicable, very slow cutting speed and fine feeds 
for finishing should be resorted to with the object of 
decreasing wear. 
Another essential feature of the structure is that the 
cementite and phosphide eutectic shall have taken up 
a well-defined network structure, in accordance with the 


research ston: 
author.* A good example of this is shown in Fig. 7. 
Annealing.—Considering the enormous quantities of 
heat which the pistons and cylinder heads have to deal 
with, it is imperative that everything in the nature of 
cooling strains in the castings should be eliminated, so 
that the crystallisation shall be in its natural formation, 
allowing free and ample expansion. As all castings are 
more or less subject to initial strains, it is desirable that 
those having to work under heated conditions should 
undergo some heat treatment or annealing. It is to be 
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feared, however, that rae ers more harm than good 
is done owing to a general lack of knowledge of what is 
desired and of the results generally accruing from heat 
treatment of cast-iron, and to the crude manner in which 
the heat treatment is performed. 

Dr. Hatfieldt has carried out quite a large number of 
experiments showing the effects of heat treatment of 
cast-iron which are well worth the attention of those 
who have to do with Diesel engine castings. Whilst 
heat treatment of cast-iron, even at a low temperature, 
affects the physical properties of the metal, a prolonged 
treatment at 780 Pm C. is itively dangerous, as, 
among other things, the lite is then broken down 
and the generally desirable physical properties of the 
metal are destroyed. j 

Table II gives the results of annealing on the physical 
properties of a few out of mor test of cast-iron 
of the composition recommended by the author. These 
tests have been carried out by Mr. J. J. Howell, of 
Birmingham. The heat treatment to which the gg 
have been subjected consists of gradually raising t 
temperature to 600 deg. C., retaining that heat over 
— and cooling down in the furnace over @ period of 
48 hours. 





en Battich Foundrymen’s Association, Proceedings, 
+ Hatfield, Iron and Steel Institute Proceedings, 1907. 


carried out by the late George Hailstone and the | < 








numeral was obtained by the drill method. 
It will be observed that in every case the physical 

















Tasie II. 
] 
Tensile Transverse Hard- 
Test No. Strength. Strength. Impact. ness. 
Tons per | Cwts. 1” sq. 
sq. in. | bar 12” centres 
As cast 17-0 35-5 65 7 
1{ Annealed 13-7 32-0 60 44 
> f As cast 16-9 $1-25 75 At 
2 { Sascaled 13-5 27-5 50 39 
g f As cast 17°8 33-75 70 80 
\ Annealed 18-77 28-25 60 67 








properties have deteriorated. The same heat treatment 
continued for half the length of time would in all prob- 
ability be sufficient to remove the casting strains in 
oytinder heads and pistons, with a corresponding decrease 
roperties, Con- 
r liner receives 


in the deterioration of the physical 
eylin 


sidering the cooling effects t 





Fie. 7. 

















Fie. 9. 


when at work, and bearing in mind that it is less subject 
to initial —e trains, the author does not consider 
heat treatment of these parts necessary, 

It is essential that the heat treatment shall be carried 
out in a popenty deslgnan furnace. Owing oO ons 
casti to trea’ ing generally too to allow 
of their being packed in and surrounded with suitable 
goed they should only be subjected to radiated heat. 

f they are ex to the action of a coal-fire flame, 
deterioration of a serious nature will take place, as shown 
in Table III. The composition of metal as cast was as 
recommended for cylinder heads, temperature and time 
of heat treatment, size of bars, and method of testing 
being the same as in Table II. r 

The most notable change shown is the increase in 

which has previously been pointed out as being 





























TEsts. 
Two useful workshop tests—with the class of iron 
—-for the guidance of the founders are : Impact 
test and casting temperature. 

Impact Test.—Whilst impact testing is not usuall: 
applied to cast-iron, it is, however, beginning to be . 
ooh gun 4 on the Continent, in connection with Diesel 

work. Whilst the Izod method of testing is more 
licable to brittle st‘bstances, and should therefore be 
of use for cast-iron, the practical limits as to the size of 
the bar are too low to give correct indications for this 
class of work. The sections of Diesel engine " 
particularly the piston heads, are very thick, and it is 
more advisable to test the metal under nearly similar 
conditions, 

A satisfactory test is on bars 40 mm. square (1-57 in.) 
supported on knife edges 160 mm. (6-3 in,) apart, and by 
dropping a weight of 12 kg. eg Ib.) from a height of 
30 em. (11+8 in.), increasing the height of ag Be bree 
ments of 5 cm. (1-9 in.) until the ple , the 
height of drop at which the bar eventually fract 
taken as the impact . Attached to the weight, in 
such a manner as to strike the bar parallel to the support- 
ing knife edges, and at the centre, is another knife-edge. 
The face of each knife-edge should be rounded ,; in. radius, 

A result of 55 cm. (21-5 in.) is considered none too high 
for this class of work, although this is quite a severe 
test. The maximum attained, as far as the author knows 
has been 80 om. (31-3 in.). Some recent results obtained 
with iron conforming to the suggested conditions are 
shown in Table II. 

Casting Temperature.—For many years foundrymen 
have been well conversant with the fact that castin 
temperature has a marked effect upon the physica 
properties of cast metals, but it was not until the 
important research of Dr. Longmuir* that anything like 
exact results were obtained. Many of those results 
were at the time certainly startling. In connection 
with the casting of high metals of the cast-iron 
series there is undoubtedly a t+ need for a handy 
practical optical pyrometer. For small quantities of 
metal the ‘‘ Foster’ pyrometer is very convenient, but 
for large quantities of metal it is of very little use. 

Low silicon and low total carbon cast-iron are very 
susceptible to the effects of casting temperature, and 
some irons employed for such purposes are also liable 
to liquid contraction. A handy workshop test for 
casting temperature with this class of iron, one which 
the author has used successfully for many years, consists 
in rom Sen of the eral dimensions shown in 
Fig. 8. cold, the are broken through the 
line A B, the condition of the fracture giving an indication 
of the temperature at which the was poured. 
Passing from the correct temperature (which is usually 
as hot as can be obtained from the cupola) to a very low 
one, the following fractures will be sieanved ; Perkeotly 
solid: and homogeneous; then slight whitish centre ; 
then brown centres of eres sizes and depth of colour, 
as temperature is lowered, and then black centre. With 
the latter are always associated open cavities, and 
immediately above each cavity is invariably found a 
gas hole. A set of results showing various casting 
prmpercoaees is shown in Fig. 9. 

The author desired to make the yo as comprehensive 
as possible. In order to cover the ground within a 
reasonable s: he has found it necessary to state many 
thing: tersely; and in some cases with what may have 
seemed di tic abruptness ; but if all the arguments 
had been given in full and the iences which had led 
up to many of his conclusions been detailed, the 
 ~ ap wo have run to the dimensions of a book. 

he author hopes, however, that he has provided sufficient 
material to ensure a full and free discussion of a subject 
which is of the highest importance to the engineering and 
foundry trades, 





‘Tse Marenve ned ye eae erga bee win 
Committee are completing thei arrangements for 
evidence before pi ing to consider their report 
Associations and others, who may wish to make repre- 
sentations on any of the matters which the committee 
are investigating, should communicate with the Secretary 
of the Committee, at the Patent Office, 25, Southampton 
Buildings, W.C. 2, not later than February 14. The 
committee, who were appointed by the Board of Trade, 
and sit under the chairmanship of Mr. Harry Greer, M.P., 
are dealing in particular with the following questions : 
(1) Whether all imported goods, or particular classes of 

ported goods, should be required to bear on importa- 
tion, or on sale in this country, a statement as to their 
origin ; whether the statement should specify the actual 





: ne country of origin, or should merely indicate that the 
© very importest condition. goods are not of British or not ot United ° Ki m 
Taste III. origin ; and whether any such requirement should extend 
to goods transhi; in this country, or re-exported from 
Tensile Transverse Hard- | this country, to British Possessions and' foreign countries, 
Test No. Strength. Strength. | Impact.) ness. | alley advisability of encouraging the institution of an 
pire Mark to denote British origin; the utility and 
! effect of national] trade marks and o' similar collective 
—— Ae Ale marks ; and whether any such mark or marks, if used 
oe es tos "95 75 82 at all, should be administered by the Gevemnenat, or by 
a{ yee ON 15-49 33-50 55 97 | municipalities, or by associaitons of traders. (3) Whether 
‘As cast 17-8 32-0 70 78 any, and what, international action is necessary or 
5{ Annealed 14-4 30-75 60 110 desirable to vent the false marking of goods with 
indications British origin, and to protect regional 

The alterati in ch 1 composition of the parte of | eppellations of origin. 





the bars subjected to the action of the flame were :— 





* Iron and Steel Institute: ‘ Carnegie Memoirs.”’ 
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MACHINERY AT THE STEEL WORKS OF THE 
SOCIETE NORMANDE DE METALLURGIE, 
CAEN, FRANCE. 


In giving a description of the new Mondeville- 
——— works of the Société Normande de Métal- 
urgie, Caen, France, at the beginning of last year* 
we made mention of some of the equipment installed 
in the steel works proper. We are now able to give 
in Figs. 1 to 10, Plane X, with this week's iseus, am in 
Figs. 11 and 12, 182, illustrations of some of the 
more interesting of the appliances installed. These 
aoe been Bp sortnercs by The Wellman Smith Owen 

ngineering Corporation, Limited, of King’s House, 

ingsway, London, W.C, 2. 

Figs. 1 and 2, Plate X, illustrate a 12-ton box 
lifter, operating over the scrap yard parallel to the open- 
hearth furnace shop. Three boxes are lifted at once in 
stirrups or slings attached to the lower end of a rigid 
mast. The mast is hoisted inside a frame on the crane 
girders. The lift is 7-16 m. (23} ft.) and the boxes are 
delivered at the level shown in the small dotted inset, 
for the charging machine. The hoisting is accomplished 
at a speed of 12 m. (39 ft.) per minute by four ropes 
winding on to a grooved barrel. The stirrups or slings 
are operated by hand lever in the cab, the ropes working 
them passing over suitable compensati so that 
they can be worked at any uired betgh of lift. 
The crab carrying the mast and slings has a cross- 
traversing speed of 46 m. (150 ft.) per minute, and 
the whole machine a longitudinal travelling speed of 
100 m. (330 ft.) per minute. The box lifter is shown 


over the scrap yard in Fig. 11, page 182, with the slings] i 


spread out and three boxes in position underneath. 
The charging machines, of which there are two, 
are illustrated in Figs. 3 and 4, on Plate X. 


These machines, which are of 3} tons capacity, are ; 


of the overhead revolving type, having a of 


20-10 m. (65 ft. 11 in). They pick up the loaded 
boxes at the back of the denaing 8 slew 
round, and c into the Uiaaieh “Mtesan 


The platform level on which the boxes are deposited | i 


by the box lifter, and then picked up by the charging 
machine, is shown on the Tright-hand vide of » . 
The machine has a vertical hoisting speed of 6-3 m. 
(21 ft.) per minute, and a rocking movement of 
ae m. (424 ft.) nt me The cross-traverse of the 
crab carrying the charging mast is at a s of 100 m, 
(330 ft.) per minute, and the Pe ctindn toca of the 
whole machine is at a speed of 75 m. (246 ft.) per minute. 
Slewing is accomplished at a speed of 4 r.p.m., while 
the bar revolves at ll r.pm. An auxil hoist is 
fitted having @ hoisting speed of 9-5 m. (31 ft.) per 
minute, and cross-traverse of 30 m. (98 ft.) per minute. 
The changing machine is shown in operation in Fig. 12, 


182, 

le of the two combined ingot stripping and charg- 
ing machines used in conjunction with this plant 
is shown in Figs. 5 to 10, Plate X. This machine 
is rope-operated, the system giving an efficiency 
as high as 75 per cent., which is much higher than 
is obtained with screw gear. A stripping pull 
of 150 tons can be exerted by this machine, 
though normally about 50 tons to 70 tons are 
required. The figures show the lowest and 
positions of the tongs, when dealing with or 
gripping ingots. The whole stripping cage is lifted 
and lowered by a 50-h.p. motor on the main crab. 
This gives a hoisting speed of 10 m. (33 ft.) per minute, 
while a cross-traversin, 5 ep of 30 m, (98 ft.) per 
minute is provided. ongitudinal travelling speed 
is 90 m. (295 ft.) per minute. Stripping is performed 
by a 50-b.p. motor, which gives a stripping speed of 
2 m, to 6 m. (6} ft. to 20 ft.) per minute. The machine 
is also fitted with a lid lifter worked gear 
above the operator’s cab and driven a 10 
motor. This one machine can therefore strip the 
mould off the ingot and place it ready for the next 
cast, take hold of the ingot and c it into th 
soaking pit, removing and replacing t pit 
lid without aid from the ground. The ‘lid lifcne 
speed is 40 m. (130 ft.) per minute. 


(To be continued.) 


h.p. 
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INstrruTe oF MARINE Enorveers, Incornrorarep. 
‘This Institute, whose offices are vt 85, The Minories, 
London, B. 1, has issued a printed sheet calling attention 
to the various awards in its gift and to the Lloyd’s 
Register scholarships. It also gives notices of the forth- 
coming meetings. Communications should be addressed 
to the Secretary, at above address. 





ALMANACS AND CALENDARS.—We have received a 
daily tear-off calendar from Messrs. J. Hopkinson and 
Co., Limited, manufacturers of valves, boiler mountings 
&e., Huddersfield ; a monthly calendar from the 
Mi. 3 aod © pocbee Gieny Nees the Miiaent Comaneeee 
N.Y.; anda 
Marconi House, Strand, W.C. 2. 





*See EnoingeRIne, vol. ovii, page 136. 





NOTES FROM SOUTH YORKSHIRE. 


number of inquiries for . 

three months a lot of rt business in steel and engineer- 
ing products has been ked with the Continent, South 
America, India and far-eastern cust s. In individual 











cases this business will ensure employment for as much as 
two years ahead. Consumers in other countries show 
increasing anxiety to obtain early deliveries of Sheffield 
steel, machinery and tools, and are anxious to cover 
themselves against future contingencies. The difficulty 
with which manufacturers are faced is that with values 
fluctuating to such a marked degree they dare not commit 
themselves to prices for deliveries covering six months 
to two years ahead. The consequence is that foreign 
buyers are beginning to look elsewhere for material. 
In @ case in point an important contract for railway 
material offered to a Yorkshire concern has been “= 
with Belgium. So far as America is , the 
condition of exchange there is proving distinctly favour- 
able to the development of Sheffield trade. Makers o: 
special steels are recovering many of their best pre-war 
connections, and are able to compete on favourable 
terms with American producers. A good deal of anxiety 
—— respecting the condition of the French Exchange. 
heffield is sending weekly increasing quantities of special 
a og for automobile con- 

eeruail French | ong ae i their willinc. 
increased — if these can be 


The t in -speed steel is maintained. 
The new prices have not about any diminution 
in the demand for mild steel. 

to the t in the manufacturing trades, makers 
of raw and semi- materials have no difficulty in 


South Yorkshire Coal Trade.—The output of the pits 
goes away day by day on contractors’ and controllers’ 
accounts, leaving very little for dis on the open 
market. Best steam are in vy demand by 
railway co i blast furnaces and other home 


consumers. are ing practically the whole 
out of cobbles, nuts ee pe om The increased 
production at the pite has brought no noticeable improve- 
ment in house-coal trade. The general outcry of 
consumers in this and southern areas is one of shortage. 
Quotations branch handpicked, 23s. to 24s. ; 

ire best 


Barnsley best Silkstone, 

brights, 21s. to 22e.; Derbyshire house 
to 19s. ; best 3 
oe ge ag uate er . to 288. 6d.; Yorkshire 
hards, to § 3 Derbyshire hard, | 
to 208. 6d, ; best slacks, 24s. to 25s. 6d.; nutty, 23s. to 
24s.; smalls, 19¢. to 20s. 





Tue Isegmwoop System or Sarr Construction.— 
Mr. J. W. Isherwood, 4, Lloyd’s-avenue, E.C. 3, has 
issued a statement showing that from 1908, when the 
first vessels built on the umbered 6, the b 
rose to 100 for the year 1912. In 1915, the number of 
vessels ordered ran up to 157. In 1917 and 1918, 180 and 
250 ships respectively were proceeded with. The total 
number of ships on the system hitherto built is 1,260, 





having a weight carrying capacity of 10,573,550 
tons, consisting of 658 general vessels, colliers, ore 
steamers, vessels and Great Lakes freighters, 


aggregating 5,935,692 tons; 509 oil-tank steamers 


aced | *8sregating 4,585,608 tons, and 93 barges, dredges and 


trawlers, aggregating 52,250 tons. 





LiverPoor Satvace AssooraTion.—S: at the 
annual general meeting of this association, on Friday, 
January 30, the chairman, Mr. W. A. Edwards, said that 
with regard to their sal steamers, plant and personnel, 
they had been engaged by the Admiralty in rendering 
—— services to the nation duririg the t war. 

he time for fully placing on record the value of those 
services had not yet arrived, but when the history of 
what the: had done came to be written, as he hoped 
it would be, in full detail, he believed that the services 
which they had been able to render would form quite a 
glorious little chapter in the maritime history of the 
great struggle. e was happy to be able to report 
that their two salvage steamers, the 
had now been returned to them by the iralty, and 
were undergoing thorough repairs and overhaul, to 
in the victories of , which, 


undertook at the request of the Admiralty, was to send 

pe ny: wn ye pn a R.N.R., in the Mariner, to 
e charge vage operations necessitated 

the souttling of the German Fleet at Scapa Flow. . T 

° were most successfully all salvable 

ee Lavenpodl having been refloated, thus associating 

¢ ; 

dramati 


Association 
ic episodes in the naval history of the world. 


and Linnet, | road 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron - 
ducers are about as fully sold as they care to be under the 
conditions existing. ‘ost firms have di of their 
output to the end of next month, and beyond that 
period they are refusing to commit the ves. The 
re-starting of foundries with heavy arrears of work to 
overtake has brought ironfounders on the market once 
more with orders for pig-iron, but they experience great 
difficulty in making purchases. Exports are having 
to be curtailed to meet home needs, and tempting offers 
of some foreigners have to be refused. Japan is a keen 
buyer of Cleveland pig-iron at as high a price as 230s. 
for No. 3. For home consumption, No. | is 1828. 6d. 
and No. 3, as well as all the inferior grades of Cleveland 
iron, is 175s.; whilst for shipment to France, Belgium 
and Italy, No. 1 is 187s. 6d. and No. 3 and the common 
kinds are 180s. 


Hematite Iron.—East Coast hematite is scarce and 
strong. Producers, in view of anticipated rise in values, 


¢| are disinclined to book further orders. The 5s. margin 


between home and export prices has now widened to 10s. 
Market rates thus stand: For home purposes, No, 1, 
222s. 6d., and mixed Nos. 220s.; and for shipment to 
France, Belgium and Italy, No. 1 230s. and mixed Nos, 
2328. 6d. 


Foreign Ore.—Great firmness continues to characterise 
foreign ore, and sellers look for considerable business at 
high rates. Best rubio is quoted 48s. 6d. per ton on the 
parity freight, Bilbao.Middlesbrough, of 178., so that as 
the freight is now 32s., the ex-ship Tees value of best 
rubio becomes 63s. 6d. 


Coke.—Coke keeps scarce and strong. Insufficient 
supplies to loca) blast furnaces have caused considerable 
inconvenience of late, and, indeed, an odd furnace or two 
have been compelled to drop on to slack blast. Medium 
furnace coke is 50s. 6d. at the ovens, and quality low 
in phosphorus is 53s. at the ovens. 


Manufactured Iron and Steel.—Output of finished iron 
and steel is still retarded by congestion at the works, due 
to inadequate supply of suitable trucks, and delivery of 
material already manufactured is falling further into 
arrears. Export prices are matter of negotiation, and 
are rather yet the following, which rule for home 
business :—Common iron bars, 24/.; best bars, 26/. ; 
small steel bars, 22/.; steel ship, bridge and tank plates, 
201. ; steel angles, 197. 10s.; steel boiler emery 231. ; 
steel joist, 197. 10s.; steel strip and steel hoops, each, 
271. 108.; and heavy sections of steel rails, 18/. 15s. 


Ironworkers’ Wazes.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England have certified 
the average net selling price of iron bars, and angles, 
for the two months ending December 31 last, at 
221. 98. 0-07d. per ton, as compared with 22/. 4s. 10-81d. 
per ton for the previous two months. Under the sliding- 
scale arrangement this gives an advance on puddling, and 
other forge and mill wages in the North of England, of 
24 percent. The advance takes effect from the 2nd inst. 


Shipments of Iron and Steel.—Official returns give 
the total shipments of iron and steel from the port of 
Middlesbrough during January at 59,067 tons, which are 
the heaviest reco since August, 1918. In the first 
month of the year 7,661 tons went coastwise, and 51,406 
tons went to foreign ports. The 38,378 tons of 
pig-iron loaded last month, 6,836 tons went coastwise 
and 31,543 tons foreign, the largest customers being 
Belgium, 17,368 tons; Japan, 4,028 tons; Italy, 3,410 
tons; America, 1,620 tons ; Holland, 1,250 tons; France, 
1,129 tons ; and Sweden, 1,058 tons. The clearances of 
manufactured iron in January were only 1,839 tons, 
280 tons going voastwise, and 1,559 tons going abroad, 
India, with an import of 836 tons, being the largest 
receiver. Steel shipped last month amounted to 18,850 
tons, of which 546 tons went coastwise, and 18,304 tons 
went abroad, the principal customers being India, 
10,227 tons; Cape Colony, 2,018 tons; and Japan, 
1,620 tons. 








Oup CenTRaLians Reunton Dinner.—It has been 

to hold this dinner (the first for six years) 

at 7.30 p.m. on Saturday, the 21st inst., at the Waldorf 

Hotel, Aldwych, W.C. Professor Unwin, F.R.S., and 

Sir Alfred Keogh have accepted invitations to be present. 

Tickets (price 15s. each) can be obtained from Mr. 
G. W. Tripp, Lyndhurst, Hayes-road, Bromley, Kent. 





Rartway Acomwent at WaKEFIELD.—On November 10 
an accident occurred on the Lancashire and Yorkshire 
Railway at Wakefield, a Lancashire and Yorkshire light 
engine running into the middle of a Great Northern 
Railway goods train which was being set back across the 
on which the light engine was running. This 
accident, Major Hall states, in his report, was due to 
the irregular working of the signalman who accepted the 
light engine under full “line clear,” instead of under 
“warning” only. The driver is also to blame for 
overrunning signals i him. The case is compli- 
cated by fact that the signal light appears to have 
failed just about the same time, but there is no suggestion 
that this contributed to the cause of the accident, since 
it is not claimed that any of the signals were “ off.” 
Major Hall hesitates to accept the driver’s and fireman's 

ing the breakage of a gauge glass, as this 


with one of the most | was not brought up at the time of the accident, or, in 


faet, till the later stages of the official inquiry. 
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NOTES FROM | THE NORTH. 

Gtascow, Wednesday. 
State of Trade.—The first month of the year has been 
an exceptionally busy one in the iron, steel, _—— 

and shipbuilding industries of Scotland, and a g 
record of work is reported. The demand for material 
of all kinds has been on a large scale, and producers 
have had an anxious time endeav ore Sh to keep all their 
clients going. It is 


ne preemat sot 
falls See po Ta: ee efor steel 
and iton, despite the fact that it is very large indeed. 


Business all round is very active, and there exists a really 
phenomenal demand for all class of material owing to the 
world shortage, which is the result of nearly five years 
of = Conditions. - pe iod so —_ time 
and plant was wholly engines of war that 
general industry suffered, and ~~ @ great leeway has to 
be made up, and every trade seems to be out for 
supplies at ot the one time. Prices all along line have 
reached an of, and possibly an Paeaidaeeet a 
standard, and it is difficult to estimate what the final 
limits will ultimately be. One of the uliarities at the 
present time is that delivery is the all-important factor 
and counts more than price, and that nearly everything is 
now sold on the understanding that it will be charged at 
the rate current at the time of delivery. 


Scotch Steel Trade.—No material change falls to be 
recorded in the state of the Scotch steel trade over the 
week, and great activity continues. The demand for 
supplies is as pressing as ever, and the difficulty of 
keeping all customers moving is the cause of much 
anxiety to managements. Deliveries of ship and boiler 
plates are in great request, while sections are an improving 
market. No falling-off can be noted in the demand 
for black sheets, and order books are so well filled up 
that makers are not inclined to book much more business 
in the meantime, preferring to wait until much of the 
present business is worked off. After that they will be 
in a better position to name a likely date of delivery. 
Quite a fair a is taking place in galvanised sheets, 
but the present price, which is round 50/. to 51/. per ton, 
is not very latable to buyers. The general export 
trade is still of small dimensions, but a fair tonnage 
manages to go through each week, although most of the 
present output is earmarked for home use. Prices 
continue to maintain a firm front. 


Matleabie Iron Trade.—The West of Scotland malleable 
iron trade is  poween 4 unchanged, and strong conditions 
still rule. The recent advance in prices does not seem 
to have caused any check to business, and not only is the 
demand as pressing as during the past few weeks, but 
many fresh i inquiries are in the market for future supplies. 
The output is good, but with commitments so heavy it 
will take some. considerable time to work off the o 
al Export business is not very heavy. 
Full prices are being easily obtained as delivery is the 
main thing nowadays. 


Scotch Pig-Iron Trade.—Active conditions are still 
general in the pig-iron trade of Scotland and a steady 
run is ensured for a long time. All grades of iron are 
eagerly snapped up, and the shortage of No. | foundry 
iron does not help matters, as foundry grades are the 
subject of good business. The local steel works are 
getting through large quantities of hematite, and with 
home consumers taking up so much of present outputs 
the shipping trade continues small. Quotations keep firm 
and with an upward tendency. 


Scotch Shipbuilding.—The shipbuilding ee for the 
different Scotch districts for the 
are very interesting, and show that a aot  coeditable 
amount of work has been performed, The total of new 


tonnage launched was 18 vessels of 44,661 tons, made 
up as follows :— 








Vessels. Tons. 

The Clyde __... ee coo. 39,910 
The Forth .... a in 5 2,440 
The Tay 1 2,020 
The Des and Moray ‘Firth . 2 291 
Total 18 44,661 


These figures are not only? quite satisfactory, but make 
up @ total which is about as 


as ever been 
recorded for the first month of the year. Taking the 
Clyde total it is several hundred tons higher than the 


previous best for the month of January, which was 1912, 
when the figures were 18 vessels of 39,526 tons. Of the 
total tonnage 5 vessels accounted for 38,550 oe and 
of these 4 were geared turbine steamers, while the fifth 
was @ segs screw steamer of 5,300 tons. Employ- 
ment as the month, and only in one 
of tigate tote er reaches of the Clyde has there 
been any serious a but the difference there has 
now been settled, and the outlook generally is pa. 
‘There are plenty of orders on the books, but the diffioul 

in to Saiegpaastel in oullcinedh deceit $F Song a 
going steadily, + dh go warype aint petheraty ~ Tene 
matter of steel plates, which are very short. 

when received, are very quit used up, oy further | Cuaaimecaly 
supplies are anxiously awai but consumers keep 
nore that this state of matters will improve in the near 

ture, 

Wages in the Iron Trade Advanced.—Mr. John M. 
MacLeod, C.A., Glasgow, has made the following intima- 
tion to Messrs. James C. Bishop and Owen Coyle, j 
secretaries of the Scottish Manufactured Iro 


Conciliation and iS She Se “In terms of the 
— ae ae ee 
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190,000 in January to 215,000 in Sane 


joint | of 
iret lee cult edasien 


NOTICES OF MEETINGS. 
ScorLanp.—Saturday, 


Steel | Trade Wages.—A sitting of the Industrial Court 






































Tas Mixixnc InstrroTe oF 
February 7, at 3 * = the Heriot Watt College, 
Chambers-street, nburg h. Mr. H. M. Cadell’s paper 
on “ Oil Possibilities in  Beotland, ” and Messrs. William 
Hill and J. A. Cork’s paper on “‘ Fuel Economy in the 
Production of Power at the —- Works of the 
Midland Coal, Coke and Iron © i d, Apedale, 
Newcastle, cr rdshire,” will be 


Work in Testa slides. 
president will initiate a discussion on ‘* Mines Nationalisa- 
tion.” 

Tue Cxievetanp Instrrotion oF ENGINEERS. 
Monday, February 9, at 6.30 p.m., in the Hall of the 
Cleveland Li and Philosophical Society, Corpora 
age road, Middlesbro h. Paper by Mr. N. D. Ridsdale, 

“Phosphorus in Hematite Iron: Its exact Deter- 
sination ded Gomameria Importance.” 


we Soorrty or Enorveers.—Monday, February 29, 
at ae p.m., Meeting in the 
Geological Society, Burlington House, m Mr 
Dumaed Geen, © M.Inst.c E.. M.C.L., will deliver his 
Presidential Address, and present the premiums awarded 
in 1919. 


Tue Braprorp Enouesrtne Soorery.—Monday, 
F 9, at 7.45 p.m., in the Hall of the Bradford 
Technical College, a lecture will be given by 
Mr. J. E. Lea, B.8e., ok of Manchester, on 
“ Methods of Conducting Boi Tests.” 


Tue INstrTvTIoNn oF —Iarwactie Enorverrs (Scorriss 
Crentre).—Tuesday, February 10, at 7.30 (sd m., Meeting 
at the Rooms, 207, Bath-street, Glasgow. am 
“Transformers for Electric Furnaces,” by Mr. J. 
Thompson, M.Sc. 


Tue Instirution or Euxcrrican ENGINEERS— 

Centre.—Tuesday, February 10 at 7.30 p.m., 

Meeting at the Rooms, 207, Bath-street, Glasgow. 

Paper on “Transformers for Electric Furnaces,” by 
Mr. J. Lindley Thompson, M.8c., Associate Member. 


Tue Institution or Crvin Enoiveers.—Tuesday, 
February 10, at 5.30 p.m. Papers to be submitted for 
discussion: “ Ex ts on the Horizontal Pressure 
of fee by Mr. Ponsonby Moore Crosthwaite, B.A.L., 
nst.C.E.; ‘“ Overturning Moment on Retaining 

. Angus Robertson Fulton, D.Sc., Assoc.- 
Ballot for new members. 





rise, in the 


grants that had been’made. The decision of the Court 
was reserved. 





NOTES FROM THE SOUTH-WEST. 
Canpirr, Wednesday. 
The Local Coal Markets.—New business has 
extremely quiet during the past week on account of the 
fullness of colliery stems and the consequent inability 
of undertakings to accept fresh commitments. In the 
majority of cases collieries are Byay ge 
ond have an abundant supply of chigppia 
it is only in cases where has fai 
to time or where vessels 
unable to secure tips, that 
parcels. Further 


Tue SHEFFIELD Association or Mertacuvrorsts 
AND MerattureroaL Caemists.—Tuesday, February 10, 
at 7.30 p.m., at — Assembly Rooms, Royal Victoria 


Hotel, 8 will be read on * The Action ef 
Solvents on Coal,” » Oy Mr Mr. Sarjent. 


Tae Roya Soorty or ee February 

ll, ety tie femme 4.30 p.m ** Naval Camou- 
” b 

R. 


Norman Wilkinson, “RVR. O.B.E., 
TRL 


Tue AssocraTION oF ENGINEERS-IN-CHARGE.— 
Wednesday, Februa at 7.30 a, at St. Bride’s 
Institute, ride- tone, ees -atreet, E. Mr. D. Brownlie, 
B.Sc., Hons fond.» F.C.8., A.LM Mech.E., on ‘“ Coal- 
Saving b Scientific Control in the Boiler House.” 
The in the chair. 

Tae Instrrvvion or Execrricat Enomrsrs.— 
Thursday, ene 12, at 6 p.m., at the Institution of 
Civil Great George-street, Westminster, 8.W. 
“The Protection of Alternating Current Distribution 

stems without the Use of Spee e— by 
y | shone K. Edgeumbe, R.E.(T.), 


THe ASSOCIATION OF peieasies AND SHrIPsvuiLpine 


hipmen 
398, 413 tons, of which 209,931 tons, or over half, went 
to France, 44,906 tons to “Italy, 50,036 tons to ‘Spain, 
19,720 tons to ‘Portugal, 7,137 tons to Greece, 19,471 tons 
to British coaling depots, and 26,191 tons to other 
countries. An interesting diagram has just been issued 
by Mr. Finlay A. Gibson, secre of the Monmouthshire 
and South b Wales ales Coal Owners’ iation, in which it 
Scheme then outputs in this coalfield in 1919 totalled 
46,997,303 tons and disposals 46,875,131 tons, of which 
20,679,920 tons were retained for home consumption, 
10,779,397 tons sent to France, 6,982,428 tons to foreign 
destinations, 4,672,616 tons supplied to the A oaehiy 
and og onli tons eupP) lied as bunkers. Mon’ 


Tag] Bagvensetian-< Sana , Feb ai . 7.30 rome 
output person month in January was 24} tons, | #t the Grammar School, ng 
Setter Dembober if ad fation 00 less aan 134 sume fot on Pa ive Gas-Fired ting 
underground workers. The Fp age ee prone tnerinng Fave a ayy 
voidable absenteeism reached its point i ngineering Liverpool ’ 
a Tah 305. per cont. ond went st in D bat | Me" Coronel, on. Gearing’ Designy” this being an 





per cent. 
ge and Steel Trades.—There is no appreciable 
plates, 


official Association Lecture 
Tue Lystrrvtion or Bartise Founpryrmew: Lonpon 


in the ition of tin though there is less | Branca.—Thursday evening, February 12, at 8 p.m., 
lites ce Like cars of Seskan 40 Gul Ge er teemant at the Cannon-st Hotel, ident, 
as they have been of late in anticipation of American | Pitts, will ide, and Mr. H. Sherburn (Foundry 
competition causing a fall in prices. Makers on the to Gas Stove and Meter pany 
other hand appear confident that outputs will not be| Warrington) will give @ paper on “The Production o 
sufficient to meet the demand, and consequently are not | Pattern Plates for Repetition Castings.” 
disposed to modify quotations. In fact, 6%. 6d. has} Tue Junior In or ENGrInerns. —Eriday, 
been paid for June shipment, and some sellers are Februscy 18, 06 7.90 pms... a0 3e 9, Vietoria-street, 8.W. 
ls..per box more. Steel bars are firm and scarce at 25/. | “ Gas Manufacture,” F. E. Henman, Member. 





Sirens AND SHIPBUILDING 
to show an upward , up to 491. having been Tue ea Dnamen ride 
DravGHTsMEN: BreMiIncHamM — y, Feb- 
paid for 24-guage corrugacod in — at 7.15 p.m., at the Chamber of Commerce, 
ew -street, A will be read on 
Bmenrmmamos ce Mrazve ‘Ewerenss ‘up Musat- "Recent Light and Oil " by Mr. H. H. 
LURGISTS.— ey 3 has ’ 
val ay PE arp ae . pos. = or Great a — 
t Mnine” = 1) That the economic x , at p.m., & discourse 
sels reo semi tl Pu, Wh 
prerar sale of Femaneraton —~ fe) an 
a talbengiehs whether moo cogngedl ja the Beisash | ee Sieniionce." 
iis or abroad) 


Lectures, Es 
S ol eae 10, Professor G. itis Senith, 


Tnstitution | Te 
llurgy are eatited to an ineroese in 
with the. depreciated 


aw that loony ik Pelee 4B Oomnty, < 
value of erent dn eee an gs Thursday, 12, y, on 
Re a ope py Beh mh 2) Il); 
jalready provided at jially ae altered con- | Saturday, February 14, age ‘ateon LL.D. 
Ria] Gllens, and the Inetwhion confiden ee egos | T S. Ae “The mioal 
Radiitiitnastes ts meses the soy anmeenins Evidence on Einstein's Theory of he oe 5 
and reasonable spirit. 3. Deflestion of in the Sun’s Gravitational F 





182 ENGINEERING. [ FEB. 6, 1920. 


HANDLING APPLIANCES AT THE NORMANDE STEEL WORKS, CAEN, FRANCE. 


CONSTRUCTED BY THE WELLMAN SMITH OWEN ENGINEERING CORPORATION, LIMITED, ENGINEERS, LONDON. 


(For Description, see Page 180.) 





Fre. 12. Furnace-Caakcine Macuine. 




















‘ebay 


001-0 Und --———--——~-——- -— —— n -- = = = nn nnn = === 








@ 


sna SOF 
-QN7 SBL--------- 


i ae eer aaa aa at 


3 
€ 


--- 00054 ++— 
| | 
| ! 
- 4|] 
| | 
Ht 














u 


psa 42 
UOMSA] Musas LT 


ey 


| 
‘ge Oxy 
J 


000668 ------- ——- —-——--———. —- —_—_—__-—_—_—_-——4 





(‘O81 24g aes ‘uoudisosagy 40g) 


‘NOGNO'T ‘SUTANIOND ‘CULINIT ‘NOILVYOdU0O ONIUAANIONA NAMO HLIWS NVWTIBM SHL Ad GHLONUISNOO 
‘ADNVUA ‘NHVO ‘HIDYNTIVLAN Ad 
HQNVWAON AHLHIDOS AHL AO SHAYOM THALS AHL LV SHONVITddV DNVIGNVH 











*X FLVId ‘0261 “9 AUVAUEIYT “ONTUAANIONG 





























cc 
i 


i{i 





----- 096 8--- 


[! 
1 ES , . 
‘1, ss7tth-y- qesuy Gena 
—- fk iN sims enmariodor 
im 
proses enti! 
‘OL Ory 








me ar 

















-—enmeece ee eee rome =} 

















a la | 
































---— 000'st-- 



























































.----------------------—- 0006t -------- 




















P; 
R 
g 
St 
A 
¥v 
T 
D 
H 
N 
Ww 


HI < a0 Se Of Saae A aa # © “BSadkse SASS we oSSAgalaw F586 | 433 Of0m g@H | 














Fes. 6, 1920.] 








ENGINEERING. 


183 





AGENTS FOR “ ENGINEERING.”’ 





BELeIuM, Brussels 
Canapa, Toronto, ‘Ont.: Wm. Dawson and 
Chambers. 


France, ar Joe Mose Obevillet, 33, Be 22, Rue de nee 
For Advertisements, Agence Havas, 8, Place 


Guiaseow: William 


Love. 
tata, Cieetas ae © and Oo. Bombay: Thacker 


Co., . 
Iraty: U. Hoepli, M and any post-office. 
a hy has y 
: . 
New Zeatanp: Gordon and Gotch , Limited, Wel- 
Auckland and urch. 
Norway, : Oammermeyer’s Boghandel, Oar! Johans 
41 and 43. 
Serre Dinindt Gensel Hoos tig, tamed, ta 
UTH AFRICA: ews b 
J ; wap he 5 
Blizabeth, Bloemfontein, and 
various bookstalls throughout South 
Africa. Also Cape Town: Wm. Dawson and Sons, 


Long-street. 
Tasmania: Gordon and Gotch Proprietary, Limited, Laun- 
ceston: Hobart. 
Onrrep States: For Subscriptions, New York: W. H. Wiley, 
432, Fourth 


venue. 
For Advertisements, J. 8. Allan, 18, Broadway, 
New York. 


ADVERTISEMENT RATES. 


The for advertisements nenta classified under the Head; 

| A ey oy Open, Situations Wanted, Tenders, &c., 
ed the first four lines or euler, and one thang 
a + line one inch. The line averages seven words. When 
an adve ment measures an inch or more the is 12s. 
per inch. Payment must acoompany all orders for single 
advertisements, otherwise their insertion cannot be guaranteed. 
Terms for displayed Oop detees pees on the = on = 


12 in. deep rate nein. wide, aietainte into four columns an in. 
in width. advertisements will be inserted 


ticable me ..f but absolute regularity cannot be Saaeasiaes. 
« Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence of 
the necessity for going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received on the Friday 
previous to the day of publication. 


tSUBSCRIPTIONS, HOME AND FOREIGN. 
REVISED RATES. 




















“ENGINEERING” may be ordered from any newsagent 

and Xs railway bookstalls, or it can be 
free, at the following rates, 

advance :— 


1 town or country 
ed by the Publisher, 
tor twelve mon‘ yable 





— = United . Bese 

Thin paper copies #218 6 

F all other places broad oe 
‘or a — 

Thin paper COples .......0:.c0cecreseeeseeeee £33 0 

Thick ,, < £376 





When foreign subscriptions are sent by Post Office Orders, 
advice should be sent to the Publisher. 

d Co subscribers receiving 
through newsagents are requested to communicate _ fact to 
the Publisher, together with the “ENGINE name and address. 

accounts are payable . a VEERING. ~~ , LETTE. 
should be crossed “* nelal and Union 
Bank of England, Limited, eouaring "C sy Branch.” Post- 
Office ore should be made payable at Bedford Street, 
Strand, W.C. 2. 
Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C. 2. 
ae pnnee° } “ ENGINEERING, ” WESTRAND, LONDON, 


bovene mt od Wema—-5908 and 8588 GERRARD. 


incomplete copies 





CONTENTS. 


Pace 
Primary Stress Determina- 
tion in Space Frames 
CRIMI) « " sessupshsocsboscoccanies 165 
Recent ine Tool De- 
velopments. — No. ae 


PaGE 

Notes from Cleveland and 
the Northern Counties... 180 
Notes from the North ...... 
Notes from the South- 

West. 

us.) Notices of Meetings 
Electrically-Heated Boilers. The Cost of 





seecccecccsesccsereesces L091] NOUICES OF MOCTINGS ......++. 


Power from 


and Heat Storage =i 170 Coal 
Stimulus of — an The Size of Airships 
DBOOR pidessscccsndiconsbtdhense Lubrication 
A Petrol - Electric Fire otes 
., Engine TN BRAM SS 173 }j Literature ..... oad 
“ The Cammel rd - Ful- Books Received 
NING ” ....0.s0000+e0+ 175|| Volumetric Testing of 
“ The ore ere of Consis- Scientific Glassware ...... 188 
tent Strength” ............ 175 ms of Three Months’ 
Water - Soe ed Turbine Fluctuations in the 
Alternators ........00++ 176 Prices of Metals ............ 1 
The St h of Solid, Industrial Notes............... 1 


rengt! 
Built-Up and Laminated 
Aeroplane Spars ........... 


Poumety of Glass Techno- : 
Diesel Engine Castings 


MT 
177 


Recent Advances in Utili- 
sation of Water Power 


Sar eeeeereneeeseeeecees 


(Titus. 

Handling Appliances at GEER ~ sdscccktbacidkectecctice 191 
the Steel Works of the Engineering and Adven 
Société Normande de CERI, cancacsppqnosccacesqrsoccenece 
Métallurgie, Caen, Catalogues  ..........0-cseereee 
Gam) sikeaibhbdaideksaspeiecs ENGINEERING Patent Re- 

Hees m South York- i aleamaloeniieaas 





oe Aee s * OOO E SE SSE ee EE Teeeeeee 


With a Two-Page Plate of the HANDLING APPLIANCES AT 
THE STEEL WORKS OF THE SOCIETE NORMANDE 
DE METALLURGIE, CAEN, FRANCE. 














who wish to be sure of obtaining “ ENGINEERING” 
each week should piace an order for the Journal 
with a newsagent or bookstall clerk. 





Notices of Meetings to take place during the 
present and next week will be found on page 181. 


ENGINEERING. 


FRIDAY, FEBRUARY 6, 1920. 




















THE COST OF POWER FROM COAL. 


Tue final report of the Nitrogen Products Com- 
mittee to which we referred recently* contains a 
series of deductions, which would have attracted 
much more attention had they been brought forward 
before the war when prices, though even then 
showing a distinct upward trend, were more or less 
stable. With costs as high as they are to-day, 
and conflicting opinions as to whether they may ever 
be expected to drop to anything like pre-war levels 
again, comparisons between different systems are not 
only difficult, but are liable to criticism of all kinds. 
As bearing upon the nitrogen question the com- 
mittee set out to make a comparison between various 
systems of power production, and have arrived at 
the apparently paradoxical conclusion that the 
higher the cost of coal the less it pays to save it. 
Although the statement seems absurd, this is a fair 
summary of the committee’s figures as they stand. 

The comparison is based on the net cost of elec- 
trical energy, per kilowatt-year (of 8,760 hours) on a 
maximum load of 100,000 kw., each system con- 
sidered being debited with the assumed capital 
costs, &c., and credited with the realisable values of 
the by-products where these occur. Unfortunately 
the latter, as well as the price of coal, which is very 
essential to the calculations, are very different now 
from those adopted in the estimates in the report, 
and for this reason less attention will therefore 
probably be devoted to this interesting point. For 
instance, the arguments are based on a price for coal 
of 10s. per ton. Present quotations are 20s. to 22s. 
at the pit. As regards by-products the calculations 
are based on net values per ton of from 61. to 121., 
for ammonium sulphate, the typical cases taken 
being worked out for a net value of 10/. Exactly 
what is intended by the term net value is not quite 
clear, but to-day quotations are 30/1. to 32/., in the 
market, compared with a pre-war figure of 111. 
Benzol and toluol are given net values of 8d. 
per gallon. For these the present prices are higher 
than those existing five years ago, and the same 
may be said of light spirit. Even if these facts 
have no bearing on profit or net revenue they must 
have some on working expenses, and if adjustments 


84! are made in these directions the conclusions of the 


report will be subject to material modification. 
Herein lies one weakness of the calculations. A 

probability of a rise in the cost of coal has been 

considered, but the other factors have been taken as 


ss | immutable at pre-war level. The cutting out of all 
9 | variables but one, of course, narrows the ground of 
99 | investigation. But the one rise is never likely to 


occur without some modification of other prices. 
The extent of the influence depends on contingencies 
which cannot be reduced to simple enough terms 


19s | for them to be embodied in graphic form. The de- 
199 | Auctions of the report must therefore be considered 


unpractical. The value of the conclusions depends 
upon their applicability to conditions of the future. 





* Bee page 119 ante. 








It is almost certain that coal will remain high. On 
the other hand, if ammonia by-product prices are 
up, capital may be attracted to such an extent for 
the development of additional processes that prices 
for these productions will ultimately fall. The 
position of benzol, &c., in the future is not by any 
means clear. The report, as it stands, is therefore 
of a somewhat academic interest rather than of 
immediate practical value. 

The great point made is that compared with the 
direct firing of boilers with coal—in which system 
the capital and labour costs are comparatively 
small, while the boiler thermal efficiency may be 
taken at 80 per cent.—all other systems of power 
production by the use of coal and. boilers, involve 
large additions to capital and working costs before 
credit can be derived from the resulting by-products. 
In some cases on the committee’s Pana the latter 
is sufficient only to offset the extra costs on the 
overall system when the price of the original coal 
is very low, so low in fact that we are not likely to 
see such prices again in this country. If we take the 
capital cost of a direct-fired power plant as unity, 
power-production systems embodying recovery 
plants may cost for capita] outlay anything up to 3, 
according to the process, The latter systems also 
show heavier working costs, which may run to as 
much as five times those of the direct-fired plant. 
As the recovery processes all take a larger amount 
of coal, per unit of power produced, than the direct- 
fired system, any change in the price of coal has more 
effect on them, but since the yield of by-products is 
generally greater as the thermal efficiency of the 
power production system, taken alone, decreases, 
there is a greater credit to offset this loss. The net 
result may be favourable to a system which looks 
unsatisfactory judged on power output only. With 
stable profits from by-products the net cost of power 
is composed of constants in the form of capital 
charges, and variables in the form of cost of coal and 
labour. Those systems in which the latter form 
predominant factors, such as the more complicated 
recovery systems, are naturally more seriously 
affected than those in which the quantity of both 
coal] and labour is moderate, 

The systems which have been compared with 
direct-firing are (1) the high temperature carbonisa- 
tion by gas works methods, (2) the same by coke- 
oven recovery methods, (3) two systems (A and B) 
of low-temperature carbonisation, (4) gasification of 
coal in recovery producers, (5) low-temperature 
carbonisation and complete gasification of the coke. 
The method of treatment is the same in all instances. 
Figures for gas fired boiler plant are worked out 
on thermal efficiencies of 75 per cent. and 90 per 
cent., the latter being intended to represent the 
results of an hypothetical Bonecourt installation. 
Coke-firing is taken at 75 per cent. thermal efficiency. 
Both the gas and the coke resulting from the 
processes are considered as used under boilers and 
the by-products marketed. The thermal efficiency 
of the production of coke and gas is investigated, 
and this is combined with the efficiency of utilisation 
in the boiler plant. For instance, in high-tempera- 
ture gas works practice the thermal efficiency of 
the carbonising plant is given as 73-7 per cent. 
The products are used at an efficiency under the 
boilers of 75 per cent. for coke and 75 per cent. or 
90 per cent. for gas, compared with the 80 per cent. 
of direct firing. The overall relative efficiency of 
the carbonising process up to and including the 
boilers, is between 69 per cent. and 73-2 per cent. 
It is this reduction which the by-products have to 
offset. In the gas works system debit items (work- 
ing expenses, capital charges and coal at 10s. per 
ton) range between 8-831. and 8-44/. per kilowatt- 
year, the by-product credits being put at only 
2-771. and 2-621. The net balances of 6-06. 
and 5-821. have to stand comparison with direct- 
firing, in which it is estimated, on the same base 
figures, that the net cost would be 4-71. In the 
coke-oven system the working expenses are less by 
about 1/., but though the credit items are also some- 
what less the net result is a little better than the 
foregoing system. 

For the low-temperature carbonisation systems 
the figures are said to be not of equal authority 
with the above. In the first, denoted in the report 
as the A system, a yield of 4,500 cub. ft. of stripped 
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gas, of 450 British thermal units, results per ton of 
coal, with 15 cwt. coke and 2-25 gallons of light 
spirit. In the second, styled B, the coke yield is 
less by 1 cwt., while 7,500 cub. ft. of 700 British 
thermal unit gas are produced with twice the amount 
of ammonium sulphate. The light spirit is replaced 
by 4 gallons of benzol : in both processes 18 gallons 
of tar result. In the A system all the gas produced 
is used for retort heating, and the net balance for 
power raising purposes consists of the coke alone. 
In the B system about half the gas produced is 
required for retort heating. The net results are 
debits amounting to 7-891. and 7-61/. for the two 
systems respectively, while the credit items are 
increased to 3-26]. and 4-302. per kilowatt-year. 
Overall costs for power, using these systems, are 
therefore 4-63/. and 3-311., compared with 4-7. 
for direct firing. This puts these systems in a 
favourable position, so that with revenue from 
ammonium sulphate at 61. per ton, coal could rise to 
19s. before direct-firing became equally economical, 
while if other factors remained constant and sul- 
phate rose to 12]. the price of coal could rise to 
25s. before the recovery system felt any handicap, 
provided the figures taken are correct and the 
systems practicable on a commercial scale. 

Utilising a process of gasification of coal in 
producers with by-product recovery, the costs again 
go up, and though the credits are also increased the 
net result is not improved, but rather otherwise. In 
the low-temperature carbonisation system combined 
with complete gasification of the coke in producers, 
with by-product recovery, the debit items would be 
heavier still and are figured out to range up to nearly 
161. per kilowatt-year. The credits are, however, 
put down at between 9/. to 11/., giving net costs 
of from 2-5l. to 51. per kilowatt-year, according to 
the system of low-temperature carbonisation 
adopted. This system, therefore, at its best may 
well show an advantage over direct-firing of over 
21. per kilowatt-year, although the capital cost is 
estimated at over three times that of the simple 
direct-fired plant, and the coal consumption for the 
power produced, is more than doubled. The still 
further possible combination of producer gas used 
in internal combustion engines, with recovery pro- 
cesses, is unfortunately not considered in the report 
though it would form an interesting addition. The 
committee consider its adoption on a sufficient scale 
too remote to be taken into account at present. 

Within a considerable range, therefore, the 
paradox referred to above is in the nature of only 
haifatruth. Although direct firing in certain lights 
shows to advantage, some of the systems considered 
promise very much better even with low profits on 
by-products, though the price of coal may rise con- 
siderably above what it is to-day. Any improve- 
ment on the committee’s figures for revenue from 
by-products is to the advantage of the recovery 
systems. If, however, the market should be 
adversely influenced, and the price of coal remain 
high, the unwisdom of trying to save on the lines 
taken as the basis of this report, may become a 
factor in discouraging capital enterprise in the 
development of by-products recovery systems. 





THE SIZE OF AIRSHIPS. 

ALrHoveGH it is probable that some use may be 
found in the future for airships of small or moderate 
dimensions, there can be little doubt that, for 
commercial work at all events, the development of 
lighter-than-air craft will tend towards sizes greatly 
in excess of those with which we are now familiar. 
In spite of the fact that the Atlantic has been 
crossed by aircraft of the heavier-than-air type, 
a regular service of aeroplanes on this, or any similar 
route involving very long journeys over seas, is not 
yet a practical proposition. At present the large 
rigid airship offers the only safe and comfortable 
means of effecting such a journey at a high speed, 
and for this reason it is interesting to consider 
factors which affect the development of aircraft 
of this type, as has been done by Mr. J. E. M. 
Pritchard, M.A., F.G.S., in a paper read on Wednes- 
day last before the Royal Aeronautical Society. 

In the case of two aeroplanes of different sizes, but 
of similar construction and flying at the same speed, 
the lift in each case will be proportional to the 





square of the linear dimensions, whereas the weight 
of the structure will be proportional to the cube of 
the dimensions. The weight thus increases more 
rapidly than the lift, so that the ratio of useful load 
diminishes as the size increases. Tt is, of course, 
possible to employ a relatively lighter construction 
for a large machine than for a small one, and by this 
means to increase the useful load of the larger 
machine, but evidently the size cannot be increased 
indefinitely. With airships on the other hand, the 
lift is proportional to the volume of gas contained 
in the gas bags, i.e, to the cube of the linear 
dimensions, so that, even if the weight of the whole 
structure varied in a similar manner, the proportion 
of useful load carried would be independent of the 
size. Actually, as Mr. Pritchard points out in his 
paper, while the weight of such items as fins and 
planes increase practically as the volume, the weight 
of the hull structure, fabric and cars increases at a 
less rapid rate, and the weight of the propelling 
machinery shows a considerable reduction in pro- 
portion as the size is increased. This arises from 
the faet that the head resistance of airships of 
similar form and travelling at the same speed, 
varies as the square of the linear dimensions, and the 
power required for propulsion will therefore vary 
in the same manner. Taking the weight of 
machinery as proportional to the power required, 
the ratio of the weight of the machinery to the gross 
lift will evidently vary inversely as the linear 
dimensions. There is thus a very material saving 
in the weight of machinery as the size of the airship 
increases, but what is of even greater importance 
is the corresponding saving in the weight of fuel 
to be carried for a given range. The weight of 
petrol carried by a large rigid airship amounts to 
well over five times the weight of the machinery, 
so that the total reduction in the case of the larger 
ship is a very material item. 

To illustrate the gain in performance resulting 
from increase in size, Mr.’ Pritchard compares 
two airships with capacities of 2,000,000 cub. ft. 
and 10,000,000 cub. ft. respectively, both designed 
for a maximum speed of 78 m.p.h. The length 
of the smaller ship would be 645 ft. and its diameter 
79-5 ft., while the corresponding dimensions of the 
larger ship would be 1,100 ft. and 135-5 ft. respec- 
tively. The gross lift, taking the lifting power of 
hydrogen at 68 lb. per 1,000 cub. ft., works out to 
60-7 tons for the smaller ship and 303-6 tons for 
the larger ship, and the disposable lifts, which are 
taken as 60 per cent. of the gross lift in each case, 
are given as 36-4 tons and 182-2 tons, respectively. 
The disposable lift, it may be noted, is the difference 
between the gross lift and the fixed weights, the 
latter including the weight of the structure, fabric, 
cars and machinery. The crew, ballast, food, &c., 
account for another 15 per cent. of the gross lift, and 
amount to 9-1 tons and 45-5 tons, respectively, for 
the two ships, while the remaining 45 per cent. of 
gross lift is accounted for by dischargeable weights, 
which include petrol and oil, slip petrol tanks, 
stores, &c., for which 27-3 tons is allowed in the case 
of the smaller ship, and 136-6 tons in the larger ship. 
With these assumptions the maximum range for 
the smaller ship would be 4,125 nautical miles 
at a normal full speed of 70 m.p.h., the horse-power 
developed at this speed being 1,700. The larger 
ship, at the same speed, would have a maximum 
range of 6,950 nautical miles, and the power 
developed would be 5,000 hp. At a speed of 
45 m.p.h. the smaller ship could travel a maximum 
distance of 8,530 nautical miles, the engines develop- 
ing 530 h.p., while the larger ship could travel 
14,200 nautical miles with the engines developing 
1,580 h.p. In making these calculations the fuel 
and oil consumption has been taken at 0-53 Ib. 
per brake horse-power hour, and the thrust horse- 
power has been assumed to be 70 per cent. of the 
brake horse-power at full speed and 60 per cent. 
at the lower speed. The very material increase 
in the range of the larger ship is well shown by the 
above figures, but it should be noticed that no 
allowance has been made for the increased proportion 
of disposable lift in the larger ship which would 
result from the considerations outlined above. For 
this reason the range of the larger ship would, in 
practice, be still greater than that given as the 
result of calculations neglecting this point. 








If, however, the question of form and size of 
airships is considered from the point of view of 
carrying unit weight, unit distance, at a given speed 
with the utmost economy, Mr. Pritehard points out 
that, in general, the best results will be obtained 
with a ship having the best possible stream-line 
form, and just large enough to give a normal ‘range 
a little more than twice the distance separating the 
two points between which it is proposed to fly, 
allowance being made for the necessary safety margin 
of fuel when estimating the normal range. The size 
of the ship will thus vary according to the per- 
formance required, but the form should be similar 
for any service. Form, however, is largely affected 
by the question of housing accommodation, and the 
cramping effect of the small sheds available in the 
past has produced a tendency to use a larger pro- 
portion of parallel body than is desirable from the 
point of view of head resistance. There is still 
some question as to what is the best form of airship 
body, it being difficult to apply the results of model 
tests to full-size airships owing to the very large 
scale effect. Until recently the form adopted for 
R. 33, which was copied from the German airship 
L, 33, and was illustrated on page 84 of our last 
volume, was considered to be about the best obtain- 
able. However, by certain oc: in the form, 
Mr. Pritchard states that it has been found possible, 
in the design prepared for the R. 38, to increase the 
lift by about 6 tons without appreciably affecting 
the head resistance as determined by model experi- 
ments, and with only a very slight increase in the 
weight of the structure. It is also thought likely 
that a stream-line form with a considerably lower 
ratio of length to diameter can be developed, with 
an even lower head resistance than that of the 
R. 33 form, in which the ratio is 8. Ef it is possible 
to reduce this ratio to 6 without increasing the head 
resistance the ratio of the disposable lift to the gross 
lift can be increased from 60 per cent. to nearly 
70 per cent. in a ship of about 2,500,000 cub. ft. 
capacity, without loss of speed or range. 

Several other factors affecting the development 
of airships are explained in Mr. Pritchard’s paper, 
but we have insufficient space to deal further with 
them here. Enough has been said to. show that 
size is a most important desideratum in the class of 
service for which airships seem best suited, i.e., for 
long non-stop journeys with comparatively heavy 
loads. In this class of work airships of largely- 
increased dimensions may be confidently anticipated, 
and development along these lines will be materially 
assisted by the improved methods of mast-mooring 
now available. 





LUBRICATION. 

WueEn the Physical Society discussed lubrication 
on November 28 last,* Mr. James E. Southcombe 
gave an account of his investigation of the reason 
for the superior lubricating efficiency of fatty 
glycerides over straight mineral oils. Further par- 
ticulars of these researches and views were com- 
municated to the Society of Chemical Industry last 
Monday in a paper by Mr. Henry M. Wells and 
Mr. J. E. Southcombe, M.Se., on “The Theory and 
Practice of Lubrication: the Germ Process.” The 
peculiar sub-title—the germ process--was not men- 
tioned at all in the first part of the paper which Mr. 
Southcombe read. Mr. Wells dealt with that point 
in the second part. We may say that we consider the 
sub-title justified in a sense in which it was certainly 
not meant by the authors of the paper. Considera- 
tions on the theory of lubrication were suggested, 
but the theory indicated remains very much in the 
germ stage Practically the addition of fatty acids 
—not of fatty oils—to mineral oils for the purpose 
of raising the lubricating value of the latter is of 
high interest; but when we inoculate germs we do 
not make additions of the order of 1 per cent., and 
the designation “ germ process ” was very properly 
criticised. 

Mr. Southcombe characterised viscosity, density, 
capillarity or surface tension compressibility and 
tensile strength as the main physical properties that 
might possibly influence the lubricating value. On 
compressibility and strength little work had been 





* See EnaineeRine, December 5, 1919, pages 755 
and 758. ; 
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done, but these properties did not seem to play a 
distinguishing role, and he went on to point out 
that oiliness could be explained adequately without 
calling upon these two properties just named. 
Density, moreover, was clearly not a main 
factor. There remained viscosity and surface 
tension, and it had been left to Ubbelohde to point 
out that only a liquid which wetted the solid could 
constitute a true lubricant. That consideration 
enabled us to say that oil was a lubricant, and 
mercury was not—a‘ least not for metals it 
does not wet—without leading to practical results ; 
and the conclusion that the permanence of liquid 
films depended upon capillary relationship and, in 
particular, that pure liquids would not form 
stable films, had so far not been drawn. The 
prevailing tendency, in fact, had been for increased 
purity and acidless oils. Ubbelohde’s speculations 
had probably proved abortive because it was not 
possible to measure the surface tension between an 
oil and a solid metal bearing. What was usually 
measured was the surface tension of oil against air, 
and the observation of the rise in capillary tubes, 
Mr. Southcombe had found, shed no light on lubrica- 
tion problems. It had, therefore, been decided to 
test the surface tension of the oil against an im- 
miscible liquid—water-—in order to obtain some 
criterion of oiliness. Mr. Southcombe showed the 
apparatus used. A glass pipette, bent to a U, was 
filled with the oil in question and lowered into a 
beaker filled with water so that the orifice of the 
shorter limb of the U was under water. When the 
pipette tap was turned, oil drops rose from the 
orifice to the surface of the water, and the number of 
drops supplied by a given volume of oil was counted, 
the surface tension oil-water being inversely propor- 
tional to this number. The following results (surface 
tension expressed in arbitrary units added in 
brackets) were obtained: Paraffinium liquidum, 
95 (100); mineral oil, 101 (94); solar red mineral 
102 (95); non-viscous neutral, 99 (93); olive 
132 (72); rape, 138 (68) ; coconut, 161 (59); lard 
oil, 128 (73). Now the first four mineral oils all 
gave values of about 100 drops, the last four fatty 
oils gave much larger numbers and correspondingly 
lower interfacial tensions. This lowering of the 
tension, was found to be due to the slight oil con- 
tents of free fatty acids. The tension was raised by 
removing the free fatty acids from a saponifiable 
oils, and lowered by adding the acid to a mineral 
oil. The following table exemplified these features : 





Free Patty 
Acids, Calc. 
as Oleic. 


Interfacial 
Tension. 


Drop No. 
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Since now all commercial vegetable and animal 
oils contained some free fatty acid, and since 
hydrolysis would soon form such acids, in any case 
sufficient to lower the surface tension, and since 
further neutral glycerides possessed tensions similar 
to those of neutral mineral oils, Mr. Southcombe 
maintained that capillarity played a fundamental, 
hitherto ignored, part in lubrication, He admitted 
that the tension between oil and water was a different 
thing from the tension between oil and a solid 
metal which could not be measured. But Prof. 
Lewis had observed that the addition of 2 per cent. 
of commercial fatty acids to a pure neutral oil 
lowered the interfacial tension between the oil and 
mereury from 100 to 89, and a similar lowering would 
probably take place in the case of solid metal sur- 
faces. The lowering of the surface tension was 
accompanied by an increase in the tendency of 
spreading and of preventing rupture of the film, and 
that tendency was partly physical and partly 
chemical. Any tendency to chemical activity 
between the journal and bearing would render the 
transition from oil to solid surfaces less abrupt, and 
would thus facilitate lubrication. 


That this was so had been proved by Mr. Arch- 
butt’s experiments, to which we referred on the 
occasion of the meeting of the Physical Society 
above referred to. Mr. Southcombe himself had 
made a series of measurements on a friction- 
testing machine of the Thurston type, having a 
3-8-in. journal, 6} in. long; the load was 200 |b. 
per square inch throughout, and the peripheral speed 
—at least in the tests of which particulars were 
given—11 ft. per minute; the quantity of oil used was 
5 cub. cm.; the temperature ranged from 62 deg. 
to 64 deg. F. The oils were A, a pure mineral oil ; 
B, 97 per cent of A, with 1 per cent. of pale cylinder 
oil and 2 per cent. of commercial fatty acids ; 
C, 80 per cent. of A, with 20 per cent. of olive oil ; 
and D, 40 per cent. of A, with 60 per cent. of olive oil. 
The results are given in the table below :— 








Viscosity Sp. Gr. Total Coefficient 
Oil. at at Acidity, Arc. of 

60 Deg. F. | 60 Deg. F.| Calc. as Friction. 

Oleic Acid. 

A. 953 0-909 nil 40 0-0084 
B. 973 0-909 1-9 pere. 25 0-0052 
Cc. 980 0-908 0-3 pere. 40 0-0084 
D. 970 0-907 0-91 35 0-0073 




















As regards corrosion, Mr. Southcombe stated 
that though all compounded oils in common use 
contained free fatty acids, one rarely heard of 
corrosion, and he added only small amounts of 
fatty acids, whilst the liberation of fatty acids 
by the hydrolysis of fatty glycerides might become 
very large; that statement was subsequently 
questioned by Mr. Archbutt. With respect to the 
particular fatty acids desirable in lubricants, Mr. 
Southcombe pointed out that the lower members 
of the fatty acids (formic, acetic acids, &c.) formed 
ordinary compounds devoid of any detergent action, 
whilst the higher members, from the lauric acid 
upward, formed colloidal soapy compounds, and 
were themselves colloidal. The fatty acids of com- 
mercial oils were all mixtures ; coconut oil contained 
| chiefly the lower members, rape oil the higher 
members. Only the latter, the colloidal acids, 
would emulsify when shaken with oil, whilst the 
lower members acted as de-emulsifying agents ; both 
these effects had to be considered in the varied 
problems of engine lubrication. 

In the second part of the paper Mr. Wells ex- 
plained that they considered the suitable acid as 
the “germ” which, when dissolved in a mineral oil, 
imparted to the oil its life and activity as a more 
perfect instrument of lubrication, and he proceeded 
to outline the advantages of the “ germ-process ”’ 
in very general terms. The point was that the 
| addition of fatty oils to mineral oils was for many 
purposes of lubrication an unnecessary waste of 
valuable material, because oils containing small 
amounts of fatty acids were at least equal to oils 
compounded on the old formule and specifications 
which might safely be scrapped. Thus for gas 
| engines mineral oils with 5 per cent. or 10 per cent. 
of coconut or rape seed oil were considered necessary, 
but germ-oils could mostly replace them or the 
straight mineral oil—meaning “‘straight’’ in the 
sense of commercially pure. For some oil engines 
a compound lubricant containing one-third of ite 
bulk of rape oil had been considered essential. One 
Government Department stipulated for some 
internal-combustion engines a mineral oil with 
10 per cent. of lard oil, the acidity not to exceed 
0-05 per cent. of KOH (which would correspond 
to 0-25 per cent. of oleic acid). In these cases 
germ-oils containing slightly more than the average 
fatty acid were safe in practice, but the quality 
of the mineral oil was also a very important factor, 
of course. 

As regards steam cylinder lubrication, valve 
oils with from 5 per cent. to 7 per cent. of 
fatty oils were generally demanded; in America 
8 per cent. or 10 per cent. of animal fat were deemed 
indispensable for wet steam, because nothing but 
animal fat would withstand the washing effects 
of the excessive amount of water in the steam. 
While acidless oils (animal or vegetable, partly not 
made in England) had been sought for, germ-oil 
answered in Corliss engines of 5,000 h.p. running 
under pressures of 160 Ib. or 170 Ib. per square inch, 
with superheated steam of 480 deg. F. The acid 








in “ acidless” oils was latent and uncontrollable, 
whilst the added acid was under control. For steam 
turbines and crank-cases of vertical engines the 
absence of emulsifying power was essential ; there 
the germ had to be carefully adapted to the oil.as 
well as to the water. For open-type marine steam- 
engine bearings, on the other hand, the engineer 
wanted an oil of good lathering properties. The 
standard specification marine bearing oil was, a 
com of about 20 per cent, of “‘ fatty oil,” the 
total fatty acid of which must not exceed 1 per 
cent., however; yet germ-oil had for more than 
eighteen months done the same work as that 
standard oil. 

Mr. Wells added that the Admiralty, which had 
prohibited publication of their patent of February 5, 
1918, had also tried the oil, stipulating that the new 
oil supplied should suit the biggest and fastest 
ships (except turbine-driven) for wa d climate , 
tropical and arctic, and should be available in laxge 
quantities at short notice, At the same time the 
Admiralty had insisted that test samples should be 
sent to the Admiralty chemist. That condition had 
appeared to be fatal, since no chemist was likely to 
pass an oil of relatively high percentage of fatty 
acid without an equivalent proportion of fatty oil, 
But the many months’ trials on 15 ships of the 
merchant mercantile had been quite satisfactory, 
and their germ-oils had completely filled the role of 
the heaviest engine oils compounded with 20 per 
cent. of thickened rape oil. They had then gone 
further and supplied an “essence ” to be mixed to 
the oil used on board in quantities of 2} per cent. or 
even 5 per cent. in cases when bearings got hot, and 
they had thereby reduced temperatures to norma] 
in short periods. In conclusion Mr. Wells remarked 
that fatty oils were valuable and wanted for other 
purposes, whilst fatty acids were cheaper per gallon 
and were required only in small quantities. 

Mr. Archbutt, who opened the discussion, gave 
further particulars of his experiments which we 
mentioned on page 759 of our issue of December 5. 
Replacing the mineral oil in his Thurston machine 
tests more and more by a neutral rape oil (i.¢., an oil 
the acidity of which had been removed by treatment 
with slaked lime) he found coefficients of friction of 
0-0066, 65 (leaving out the zeros), 62, 53, 47, 41, 43, 
62, as the mineral oil percentage was reduced from 
100 to 90, 80, 60, 40, 20, 0, and finally restored to 
100. Additions of 0-5 per cent., 1 per cent., 2 per 
cent. of fatty acids reduced the coefficients of 
friction of the same oil to 0-0049, 45, 42. Thus 
a small percentage of fatty acid improved the 
lubricating power of a mineral lubricant as much as 
a large percentage of a fatty oil, while a further. 
increase in fatty acid had little additional effect. 
That fact is, of course, in agreement with the well- 
recognised fact—connected now mostly with Lang- 
muir’s name, though not first pointed out by him-- 
that the residual affinities of the surface layers are 
very active, though saturated possibly already by 
layers not more than 1 molecule in thickness. 
Considerations of this kind were suggested by Mr. 
Arnold Philip—the Admiralty chemist, of Ports- 
mouth, who, however, only wished to criticise the 
name ‘‘ germ-oi!’’—Professor Brame and others. 
Such affinities need not be wholly chemical ; some of 
the effects appear simply mechanical, But there is a 
chemical side to the problem, and this side was only 
touched upon by Mr. Southcombe. From his own 
statements it would appear that the unsaturated 
compounds of mineral oils play a part akin to the 
fatty acids, and he was not prepared yet to say 
whether there was any parallelity between ociliness 
change and molecular weight of the active com- 
pounds. Considering that he spoke of legions of 
experiments his selection of examples included in 
the tables seemed hardly fortunate. Dr. Ormandy 
was not unjustified in saying that the observations 
on interfacial tensions in water did not supply 
@ sufficient basis for a theory. Mr. Southcombe, 
however, deprecated any such intention, although 
the paper seemed to claim a good deal. The 
chief interest of the communication liés in the 
results obtained. 
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Barrisz Coat Ourrut.—The coal output for the week 
ending January 17 was 4,902,906 tons. This is the 
reached since May 31, except for the week 

ending December 20, when it was 4,910,106 tons. 
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NOTES. 
Gas ror Motor VEHICLES. 

Early in 1918 when, owing to the shortage of 
petrol, the motor car with a gas bag on its roof was 
@ common object of the wayside, the Automobile 
Association and Motor Union offered a prize of 
1,000/. for the best system of carrying a charge of 
coal-gas under compression capable of running a 
medium-powered ing car for a distance of 
50 miles. There were certain conditions attached 
to the award, of which the most important were 
that the occupied should not be- more than 
19 cub. ft. and the weight should not exceed 140 Ib. 
A retail price of 20/. was also fixed, and, in addition, 
the conditions that the plant should be .of such 
nature that the material for its manufacture should 
be easily obtained, and that it should be eapable 
of being easily installed by ordinary motor-car 
repairers. The announcement of the prize aroused 
much interest, and the conditions were widely 
disseminated by the daily and technical press of this 
and other countries. Entries were received from 
not only the British Isles, but India, Australia, 
the United States of America and the fighting fronts 
in France and Salonika. Ultimately the date for 
receiving entries was extended to January 31, 1919, 
but up to that time no invention complying with the 
conditions was submitted. Many entrants failed 
to send details even after repeated applications for 
them, and ultimately the entrants had fallen to 11, 
all of whom were asked to send their plants for 
testing, by May 6, 1919. At that date nothing had 
been received, and a further extension to Septem- 
ber 30, 1919, was granted. This new date still had 
produced no material, but one competitor advised 
that his plant had been held up by the railway strike. 
He was accordi granted an extension, but the 
end of the matter was that in November last the 
association were informed that the plant had been 
seriously damaged on the railway. The result of the 
whole competition is consequently nothing at all. 
This is disappointing, but it is probable that the 
fall of interest in the subject consequent on the 
termination of the war shortage of petrol may be 
partly responsible. A rising cost of petrol may 
possibly lead to revived interest. 


CanaDIaAN PropvucTion oF TUNGSTEN AND 
MOLYBDENUM. 


In view of the demand for tungsten in connection 
with the manufacture of special steels, and alse for 
electric amp filaments, the particulars given by the 
Department of Mines as to the production of 
ores in Canada, are of particular interest. It appears 
that the total production for 1918 amounted to 
134 tons, with a metallic content of 19,915 Ib. of 
WO,, and of this amount 11 tons of concentrates 
were shipped from Burnt Hill, N.B., by the Arcadia 
Tungsten Mines, Limited. The only previous pro- 
duction of importance was that for 1912, when 
14 tons of concentrates were produced by Scheelite 
Mines, Limited, of Moose River, N.S. In addition 
to the two deposits above referred to, scheelite 
(CaWO,) was discovered, as recently as March, 
1918, near Falcon Lake, in eastern Manitoba, and 
operations have since been carried on in the district 
by a new company. An old deposit on Hard- 
scrabble Creek, in the Cariboo District of British 
Columbia, has been operated, and the occurrence of 
scheelite sands in the alluvial deposits of Dublin 
Gulch, in the Mayo District of the Yukon, has also 
been noted. The known tungsten resources of the 
whole world, however, are distinctly limited, and 
it is therefore not unlikely that, for steel manu- 
facture at all events, tungsten will eventually be 
outstripped by its rival molybdenum. Of the 
latter metal Canada producei the equivalent of 
378,029 Ib. of molybdenite (McS,) in 1918, as com- 
pared with 288,705 lb. in the previous year. No 
figures are available as to the production before 
1914, but the remarkable developments that have 
taken place from that time onwards are shown 
the fact that the MoS, production in 1914, 1915 
and 1916 was 3,814 Ib., 29,210 lb. and 156,461 Ib., 
respectively. Most of the ore produced has been 
low- material con‘ less than 2 per cent. 
of MoS,, but small quantities containing from 
2 per cent. to 15 per cent. have been found. The 
ore has all been concentrated in Canadian mills 


erected for the purpose, and has been marketed in 
the form of concentrates, molybdic acid, ammonia 
molybdate, or as ferro-molybdenum. For the 
manufacture of the latter material two electric- 
furnace plants have been erected—one by the 
Orillia Molybdenum Company, at Orillia, and the 
other by the Tivani Electric Steel Company, at 
Belleville, both in Ontario. There are deposits of 
molybdenite in Nova Scotia, Quebec, Ontario, 
Manitoba and British Columbia, but the principal 
production comes from the Quyon mine in Pontiac 


in the world. It is probable that the world’s 
production of molybdenite amounted to between 
600 short tons and 700 short tons in 1918, so that 
the Canadian production of 189 tons represents 
somewhere about 30 per cent. of the total. The 
United States and Australia supplied most of the 
remainder. 
UNEMPLOYMENT INSURANCE. 

A report prepared by the Government Actuary 
which has just been published gives particulars of 
the way in which has been estimated the probable 
cost to the country of unemployment insurance 
as provided for in the Bill now before Parliament. 
Owing to the lack of adequate data, those estimates 
must, of course, be considered as provisional merely, 
and as past experience has shown such estimates 
have a tendency to be rather more optimistic than 
is ultimately warranted by the actual outcome. 
The Act of 1911 provided unemployment insurance 
for certain trades only, in which a total of 2,609,600 
persons were engaged. To this figure the Act of 
1916 added nearly a million more, whilst when the 
new Bill comes into operation the total will be 
raised to 11,750,000. Under the Act of 1911 the 
rate of unemployment has been 6} per cent., as 
compared with an original estimate of 8-6 per cent., 
and in the case of the trades which were brought in 
under the Act of 1916 the rate has been 4 per cent. 
The figures for the industries affected by the new 
Act have been based for the most part on the figures 
supplied by the trade unions, and represent their 
experience over an average of many years. They 
range from 1 per cent. in the case of the railway 
and public utility services up to 10 per cent. in the 
case of dockers and general labourers. The fact 
that such large differences exist between different 
trades is important ; since provision is made in the 
Bill for “ contracting out” in cases where the trade 
concerned provides a scheme giving equal or greater 
benefits to the workman than he would obtain 
under the Act. Naturally, trades in which the rate 
of unemployment is low can afford to make better 
provision for their unemployed than trades in which 
the rate of unemployment rules high. It may thus 
be expected, that the rate of employment in those 
trades accepting the Government scheme will be 
somewhat higher than the general average, which is 
5-32 per cent. To safeguard the public purse 
the Bill provides that the benefit of 15s. a week for 
men and 12s. a week for women shall not be paid 
for more than 15 weeks in a twelvemonth, and to 
a total of not more than one week’s benefit for every 
six contributions paid by the benificiare, and, 
further, nothing is paid for the first week of un- 
employment. Taking these factors into account the 
actuary estimates that the annual expenditure will 
be 10,059,0007. as unemployed benefit and 100,000/. 
on travelling expenses of insured persons, whilst 
the expenses of administration are placed at 
1,214,000/., making a total of 11,373,0001. per year, 
The estimated income is :— 

£ 


From—Employers’ contributions 4,217,000 
Workers’ contributioris ... 4,217,000 
Exchequer _ 2,812,000 

From investments... ses ue 900,000 

WOE ues * «+ 12,146,000 


The income from investments constitutes, it will 
be seen, a substantial fraction of the total income 
anticipated, and the actuary points out, accordingly, 


by | that if a spell of bad trade were to ensue shortly 


after the scheme came into operation, there might be 
no surplus funds for investment, and the available 
income over a term of years would be less than 
stated in the foregoing table. If, on the other hand, 
there was at the outset a term of years in which the 
rate of unemployment was less than normal, the 





income would be correspondingly increased. 


County, Quebec, this mine being one of the largest | 
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Man to Man. wey wig . By 
Joun Lerrcn. New York: B. C. Forbes Pub 
Com dols.]} 


pany. [Price 2 
‘Muon has been said first and last on the subject 


of industria] relationships, but although the first 
fine edge of interest has been dulled, the final 
solution of this vexed question seems as far off 
settlement as ever. In spite of all the discussions 
which have taken place there would seem no finality 
to its reactions, and at the moment it is still 
the question of the hour. 

The equipoise of trade and commerce has become 
unstable; such an upheaval as that of the last 
five years undoubtedly tended to such an end, but 


‘the question of industrial strife is much older. 
‘Prior to the war a series of crises threatened 
production and transport, and the outbreak of 


hostilities with its need for common action and 
sacrifice against a common aggressor, closed the 
ranks of dissention and deferred the evil day. 
National peril delayed domestic bickering, but left 


‘@ momentous trial of strength in suspense. 


So much is common knowledge. Just as pro- 
ductive resources reached an unparalleled pitch of 
perfection and the methods employed took a big 
stride forward, the intangible factor in industry 
became more troublesome, so much so, that 
industrial problems are now almost wholly human. 
As production increased in arithmetical] ratio, so 
labour troubles multiplied in geometrical pro- 
portion. Restoration of a stable balance is vital 
to the mere solvency of nations, leaving aside 
any future development towards a better existence. 

In the controversies which have arisen reference 
has been frequent to evolutionary parallels— 
the “struggle for existence” and the “survival 
of the fittest” are considered sufficient explana- 
tion of all forms of strife; but certainly the 
struggle for existence was keen enough in past 
industry. Ask any survivor who passed without 
special privilege through its mill. Evolution has, 
however, another side; without altruism—struggle 
for the life of others—in mitigation of its severity, 
there would have been no survival at all. Unless 
mammalian parents had achieved unselfish instincts, 
evolution of the higher forms of life could not have 
taken place. Past economic theory lent its support 
to incomplete evolutionary postulates, “‘ supply and 
demand,” “selling dear and buying cheap” are 
on al] fours with the more quoted evolution 
phraseology. What industry overlooked was the 
essential need of altruism; since all production 
involves human elements, appeal must lie to the 
more intangible things which differentiate men 
from the material and processes with which they 
work. 

This is the new orientation, and makes clear 
much that is inexplicable otherwise, there are finer 
incentives to effort than gain, but economic theory 
diligently spread taught the most ignorant, if its 
actual practice was not even more potent. To a 
large extent we are reaping what has been sown at 
the most inconvenient of all seasons. The self- 
abnegation in time of national crisis was by reason 
of appeal to motives other than gain, the appeal 
to reason now, must regard—not disregard—human 
considerations. The present critical period is one 
in which the human factor insists upon considera- 
tion equal to the product for which he is respon- 
sible. The higher the form, the more complex the 
organisation, the greater the need for altruism ; it 
is a natural law. 

Numerous as have been the remedies suggested 
or tried, they all have a common basis—this is a 
consideration of more intangible factors ; and while 
national temperament qualifies the means, every 
successful solution has more than passing interest. 
The Whitley schemes were an honest attempt to 
provide the basis for continuous adjustment; the 
volume now under review is Whitleyism in another 
guise: under another flag, without official blessing, 
and it makes fascinating reading. : 

The solution of human problems is human: this 
is not a paradox in disguise, it is sober truth that 
a human man is needed to solve human troubles. 
Actually the alleged harshness of economic law did 
not in practice lead to the sacrifice of the unfit ; 
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leniency was shown by reason of the interposition 
of intermediaries themselves human. Just as 
charity helped to lighten a harsh social system, so 
man’s inhumanity to man was in practice tolerably 
humane. 

The author of “Man to Man” claims, as a 
matter of actual practical experience, to have 
increased output 30 per per cent. to 300 per cent. by 
eliminating antagonism between management and 
men in 20 factories, by means of a constitution 
resembling that of the United States, in which the 
experiments took place. Directors, executives, and 
men made the council: safeguards, checks and 
counter-checks, as in other forms of democratic 
government, were formulated, to the ends usual 
in similar connections. First an appeal was made 
upon what are in reality purely ethical grounds, 
formulating a definite policy just as in politics; 
the only failures were where the management were 
insincere. The author admits two failures with the 
same candour as he chronicles his successes. On 
the financial side savings due to improvements are, 
according to the system of working he describes, 
divided into two parts, the men getting half of 
such savings as a dividend on wages. 

The examples chosen are varied; they include 
factories producing pianos, velvet and briar pipes, 
and also a foundry. In each case the results as 
related are extraordinary, but they are verified by 
the name and location of the firm. The style of 
the author is easy, his gift of narrative undeniable, 
the impression left after perusal of the book is the 
large part played by humanisation. The intro- 
duction of a human touch, perfect justice and 
sincere intention, brings into being a response after 
some hesitation, and the feature of the system is 
that it is self-supporting. 


The author, John Leitch, made his own ascent je 


from the bottom, and conscious of the imperfec- 
tions of the older systems, he places full reliance in 
democratic control. The book teems with striking 
observations, and is worth perusal on that account 
alone. Labour to-day asks for an increasing share 
in management which most believe cannot be in the 
interests of industrial profit or well-being. Here, 
however, is a record of accomplished facta, it will 
not suit the extremist, and for this reason, in 
spite of its inversion of the normal, it will hardly 
appeal to some who profess to lead and direct 
labour, but it is a pregnant contribution to an 
outstanding problem. Whether the idea will bear 
transplantation remains to be seen, but that it will 
be tried here seems probable, if not certain. Above 
all, it is the solution of human problems in a 
human way, the introduction of real altruism into 
industrial relationships. A piano factory whose 
employees of their own initiative investigate and 
halve their power costs—eliminating waste to 
create higher dividends, is surely a remarkable 
phenomenon. 

Industrial democracy as instituted and described 
by the author is responsible for the following claims 
in each instance: (1) An increase in production ; 
(2) a decrease in the cost of production; (3) a 
decrease in the labour turnover; (4) a reputation 
throughout the community as a desirable place 
to work in, and consequently a greater ease in 
hiring men; (5) an immunity from strikes and 
other labour troubles. 

Such claims are large, but seem to be substan- 
tiated; the elasticity of application, which the 
scheme itself affords, is in part responsible. The 
system is different from welfare work or the stren- 
uous efforts made in this country to ameliorate 
the worst features of industrial toil by noteworthy 
good employers. It differs in the point of view, 
and is the substitution, of elective control for 
paternalism. Discipline is maintained, it is em- 
ployment with representation, and the deliberate 
introduction of the idea as a definite experiment 
seems worth trial. 

A country can be governed by the elected repre- 
sentatives of its citizens, yet industrial control in 
@ similar manner remains untried because it is held 
that its operatives lack the very gaa pir they | 7 
are assumed to possess as electors; such an argu- 
ment will not bear scrutiny. All other adjustments 
having proved futile, it would be foolish to refuse 
to consider a solution because of its novelty. A 





labourer is worthy of his hire, but he will do more, 
be worth more, if he has a real stake in the results 
of his job; if this be false why then advocate 
payment by ‘results? The scheme outlined by Mr. 
Leitch is free from certain defects of profit- 
sharing as usually practised, it is not communism 
or socialism as generally understood, nor a dis- 
guised variety of either; it is, however, industrial 
representation of the fullest type whereby identity 
of interest and real effort appear to have been 
secured. 
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Metals, except 


. L. E. 
Burcnarp and H. 
No. 693. The 
Associated with 
R. Van A. Mitts and Rocsr C. Wetis. 
20 cents.) No. 711. A. The Parnham 
Carbon County, Utah. B 
fessional Papers. No. 112. 


the Hastern Gulf Region in , Mississippi, 
y Ak. and y, Epwarp Wiser Berry. 


chee acs ao No. 120. I. Some American Ore- 
with Notes on the Olassi, 

ef Onnaneed Peeks By T. D. A. 

Yesldaghon : Government Printing 


[Price 
Anticline, 
Franx C. Crank. Pro- 
a Cretaceous Floras 


references and decisions, 

1.8.0., LL.B.(Lond.). Leuhen B 
Limited, Bell Yard, Temple Bar. 
The Design and Stability of Streamline 
with Useful Table eronautical 


Crosby 
Rectangular Areas. By A. W. 
Scott; Getonpene tate fees. (Prive 7 ad at.} 





. CocksuRN. 
London: Stevens and Limi [Price 78. 6d.) PR cy ge eg Soorery.—It has been 
SE ee ee ae , the leader of the British Im 

Ma: Animale Injurious to Submerged pm Rd edlion, to address the members the 
W. T. Catman, D.Sc. London :| Royal Aeronaut ical Society on his flight to the 
Printed by Onder of The Trustees ofthe British Museum, South Pole. ee eae dee we lecture will be 
5 eee. announced later. The chairman of the , Air 
and Finance ( ee Gee Being | Commodore Wild, O.M.G., will deliver a ure 
sof Lmpuirias arranged by the of|on “ Safety in ’ before the Scottish members of 
of The Associa- | the society, at Glasgow, on February 11. He will repeat 
hom bar “+ Yeon Tw and 1919. Edited by | his lecture at Edinburgh on February 12, and at Dundee 
ee on February 13. The societ re eT, Atbemete. 


Tinited 1 Gouna Lond: Si 4.’ [Price 6e. net.) 
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VOLUMETRIC TESTING OF SCIENTIFIC 


GLASSWARE. 
Te manufacture of volumetric scientific glassware, 
tc., burettes, pipettes, &c., is an ind which was 


"wat, the industry wee lecgely developed in 
war in was ly in 
this country, and it is most desirable that it should remain 
as & permanent British asset. 

To attain this a supremely important factor is that 
British-made graduated apparatus should be of reliable 


accuracy. In estab! a reputation for accuracy 
British Se caihasbenee tedliont the advan of having 
their apparatus guaranteed by an im ial institution, 
and all users of such apparatus should know that it is now 
possible to obtain apparatus whose accuracy has been so 
verified. 
Volumetric glassware has been tested on a small scale 
at the National Physical Laboratory for the — fifteen 
years. With the growth of the industry in thi country 
it was felt that the scope of the work should be wid 
Consequently in co-operation with manufacturers and 
users of scientific glassware a pamphlet was issued in 
July, 1918, containing regulations relating to Class A 
tests, i.c., tests on apparatus required to be of the highest 


accuracy. 

A ‘now building has just —— o ew: 
Laboratory specially equipped for ing with this oc 
of work on S ieee enaax At the outset it was urged 
that in addition to the tests already referred to provision 
should be made for testing ap; us intended to possess 
only commercial or Class accuracy. Pending the 
settlement of a per t sch for ec cial testin 
by State, or State-approved institutions, a matter whic 
is now under the consideration of the Government, the 
National Physical Laboratory is now prepared to under- 
take Class B tests at the request of manufacturers and 
others, such tests being carried out for the time being at 
Teddington. It is hoped eventually to arrange for this 
work to be done at local centres. 

The Class A tests are designed for vessels intended to 
a the highest accuracy uired for scientific use, 

+ the limits of error assigned for the Class B tests are 
such as all graduated apparatus of good commercial 
quality should comply with and are necessary for the 
attainment of satisfactory results in ordinary routine 
analysis. A full account of the tolerances allowed, 
methods of test, details of construction, test fees, &c., 
is given in the new edition of the Laboratory Test 
Pamphlet relating to ‘‘ Volumetric Tests on Scientific 
Glassware,’’ published in November, 1919. Copies of 
this pamphlet, which was drawn up in co-operation with 
both manufacturers and users of volumetric apparatus, 
may be obtained free of on application to The 
Director, The National Physical Laboratory, Teddington, 
Middlesex. 











The attention of users of scientific glassware is particu- 
larly directed to the provision made for testing this 
ee aes as it is felt = the existing facilities for 

ome | i standardised volumetric apparatus are not 
sufficiently widely known. In the event of users of 
apparatus requiring tests other than those provided 
for in the pamphlet, the Laboratory is always prepared 
to make special arrangements to meet the particular 
requirements of any special work. By making full use 
of the facilities offered for testing vol tric glassware, 
users will ensure that they have reliable apparatus 
without having to make special ments to check 
their own deliveries, and, moreover, will indirectly tend 
to maintain a high standard of production throughout 
the whole industry. 











AMENDMENT OF THE DanisH Patent Law.—aAttention 
is called by The Board of Trade Journal to the provisions 
of the Danish Law, amending the Law of Patents, which 
was on December 2, 1919, This law empowers 
the Minister of C ‘ce, upon terms to be fixed by him, 
to restore patents which have been cancelled since 
August 1, 1914, by reason of non-payment of fees or for 
non-working ; to extend the term of a patent by a period 
not exceeding five years where the patentee has been 
prevented by the war from exercising his rights ; and to 
reconsider any application the consideration of which 
was suspen between August 1, 1914, and,the end of 
1919 owing to official communications remaining un- 
answered. The benefits of this law may, subject to 








Vanoouver Harsour Worxs.—The Dominion 
Government and the recently appointed Board of Harbour 
Commissioners for Vancouver have approved of the 
aged scheme of harbour development as prepared 

Mr. A. D. Swan, M.1.C.E., consulting engineer, 
ontreal. The Harbour Commissioners, after an 
extended tour of harbours in Eastern Canada and the 
United States, have instructed Mr, Swan to prgere 
first 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


DECEMBER 19/9. 


NOVEMBER 19/9, JANUARY 320. —— 
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INDUSTRIAL NOTES. 
A CoNFERENCE with reference to coal prices, profits 


and supplies was held last week at 10, ; 
it two and a half hours, and at its close the 
following report was issued :— pillen 


“The Prime Minister, who was accompanied 
Mr. Bonar Law and the President of the Board of 
Trade, received a deputation of the Miners’ Federation 
of Great Britain at 10, Downing-street, to hear the 
application of the Miners’ Federation for Govern- 
ment action in relation to the following points raised 
by the executive of the Federation :— 

** 1, The enormous increase in the price of — 
coal, resulting in enhanced profits to the colliery- 
owners who are engaged in the export trade. 

“2. The contin high price. of industrial coal for 
home consumers. 

“3. The failure of domestic consumers to obtain 
supplies since the reduction in the price of domestic 
cout by 10s, per ton, which took place on December 1, 
1919. 

4, The effect of the continued high price of coal 
on. the cost of living ot the people. 

“5. There should be, the Miners’ Federation 
states, an immediate and considerable reduction in 
the price of industrial coal, followed by Government 
action to reduce the cost of commodities now produced 
in factories, &c., into which the cost of coal largely enters 
or, alternatively, the consideration by the Government 
of an application by the Federation for an advance 
in wages ¢ uent upon the high cost of living.” 

Mr. Lloyd rge stated that the report of the 
independent accountant on the financial ition of the 
coal industry and on Sir Auckland des’ estimate 
would be ready within a week, and he that the 
Executive of the Miners’ Federation should meet him 

after having examined the re in question. 
is suggestion was acccpted by the tive. 





Speaking later, at a conference of the Miners’ Federa- 
tion, Mr. Smillie said the Sankey award was given not 
to meet the increased cost of living, but as part of the 
claim the miners put forward to endeavour to improve 
their standard of life. Since that claim the cost of 
living had gone up. The miners recognised that 
merely an increase in wages would not deal with the evil 
of high cost of living. The Federation had found that 
in spite of the fact that 10s. per ton was taken off 
domestic coal some time ago, the enormous prices 
now being received for exported coal had raised the 
average price of coal very considerably. They 
anticipated that by the beginning of July, if the output 
of was as as at present, or increased, as was 
likely to be the case if there were no trouble in the 
coalfields, there would be an enormous sum of money 
in the hands of the Government in the shape of excess 
profits, or in the hands of the mineowners. They were 
of opinion that that sum of money should be used for 
the purpose of reducing the cost of living generally. 
They desired to bring before the Prime Minister the fact 
that since 10s. was taken off the price of domestic 
coal it had become very scarce. Coal used for domestic 
purposes prior to the reduction had suddenly turned 
into industrial coal. The domestic supply was being 
diverted into other directions. They fad proof that 
even large municipalities and gas companies could not 
secure coal. The Executive put it to the Prime 
Minister that on the year now running up to July next 
there would be a surplus, after pa the mine- 
owners’ profits, the royalty rents an charges, of 
between 50,000,000/. and 60,000,000/. They ropes 
to meet the Prime Minister again when he had 
time to go over the figures he would obtain from the 
chartered accountant. 





Mr. W. Adamson, M.P, chairman of the Parlia- 
mentary Labour Party, speaking at Glasgow a few 
days ago, said there was at the present time a spirit 
of unrest both in this country and in all the other 
industrial countries of the world. In some it was 
worse than in this country. The contributing causes, 
he stated, were the following: Hitherto, the wealth 
earned by the united energies of the people had been 
distributed on an entirely unjust basis, a basis which 
had admitted of huge fortunes, amounting in many 
oases to millions of pounds, being piled up on the one 
hand and, as a ee the creation of abject 
poreny, and misery on the other. The working classes 
pe Ape they h . - es of tenure. The la: 

le of large its for depreciation and reserve 

were eventually distributed among the shareholders 
in*the form of new shares, loaded the dice against 
the worker, who was ewe a wage which only enabled him 
to exist, and denied him many of the comforts enjoyed 
) Sayre The worker had no say in the industry in 

he was ; he was simply looked upon as a 
¢og in the wheel ; he was there to perform an allotted 
task and draw a certain wage. There were three lines, 
added Mr. Adamson, along which remedies could run. 
Conditions could be allowed to continue in the old 





way ; or the wrongs of the past could be rectified by 
evolution along constitutional lines; or, again, they 
could be rectified by revolution. In his own personal 
ion, the best means for effecting better relation- 

ip between the various sections of people was by 
evolution along constitutional lines. If the industries 


by | were to remain in private hands, the employer of labour 


would require to his methods as compared 
the The time was more than ripe for that change. 
Such industries as the mines and railways were both 
essential and vital to the national life, and therefore 
they ought not to continue longer in private hands. 





It is that the cotton weavers are shortly 
to an increase of 100 per cent. in their wages ; 
the demand of the spinners is to be also a large figure, 
and the cardroom workers will ask to be placed, in 

to payment, in the same category as the spinners. 
present agreement as to wages in the cotton trade 
is to come to an end on March 31. 

The success of the Durban (South Africa) Soviet 
methods, says The Democrat, has encouraged similarly 
extreme tactics elsewhere, the Benoni (Rand) employees 
of the municipality presenting demands to the council 
in an a ve form. The Mayor of Benoni happens 
to be Mr. Waterston, one of the Labour leaders who 
was rted in 1914. Addressing the council, he 
decl that they were not prepared to see a Soviet 
established in the town by the municipal employees, 
nor would he accept dictation from them. He added 
rasa od ew in epsnny va Re yA coming $e 

i int. wages were inc: per cent., 
the veut uf Soving- teat irios The town refused to be 
ruined in the interest of employees only, everybody else 
having to go to the devil. 

Mr. C. T. Cramp, Industrial Secretary of the National 
Union of Railwaymen, writing in The Railway Review, 
on “‘ The Principle of a Sliding Scale,” says: “. . 
The present system adopted by trade unionists is to 
table certain cements, enter into negotiation with the 
employers and ultimately settle either one way or the 
other. An advance, shall we say, of 5s. per week is 
secured. The worker has more paper or gold to put 
into his ket, but if the cost of living rises he is no 
better off, and, indeed, often worse off than he was 
before. . . . This is because the worker confuses 
real wages with money wages. Under the system 
which I have for a long time advocated, the worker 
would fight, not for currency, but for a higher standard 
of living. . . . Suppose we fix an index number 
100 to a list of commodities, for example fuel, clothing, 
food, education, amusement, and the like, and calculate 
how much money would be required to secure these 
commodities week by week. We then fix a scientific 
sliding scale, and as the’ prices rose, the amount of 
money received by the worker would rise in proportion, 
never falling below the standard agreed upon. By this 
means a settled standard of life is secured. Now we 
come to the next stage, and the workers demand through 
their industrial organisations to lift the basis and to 
attach sufficient money to the index number ; this acting 
together with their scientific sliding scale always 
assures them of at least that standard. By this means 
the worker cannot be cheated of that which to-day he 
believes he obtains, but in fact does not. We transfer 
his energy from a futile struggle for more currency to 
a struggle for something real and material. . . . 
I hold that when workers understand that money is 
not wealth they will become not merely better clothed 
and fed, but mentally equipped to grapple with the 
greater problems of taking ultimately ownership 
and control of the world’s industries. This, I fear, 
cannot be so long as the present futile struggles are 
continued. tg 





A return issued last Saturday by the Ministry of 
Transport on the financial results for railway working, 
shows for November a loss of 1,347,835/., and a loss 
on canals, &c., of 91,5511., the total expenditure over 
revenue being 1,439,386. The Government guarantee 
was 3,873,900I., the total Government liability for the 
month ben Sygwige22 5,313,286. The figures for the 
eight months to November 30 were: Balance of 
revenue earned over expenditure, 10,978,5511., less 
a loss on canals, &c., of 62,580I., leaving on the credit 
side 10,915,9711. The Government guarantee for the 
same period of eight months was 34,090,400I., the 
net Government liability, still for the same period, 
being 23,174,4291. 





Swepise Avromosites.—The Thulin Aeroplane Works 
of Landskrona, says Swedish Export, which during the 
war devoted itself to a profitable manufacture of aero- 
planes, was in difficulties after the war owing to a sudden 
change in prices in that line. The company has now 
resolved to take up instead the manufacture of auto- 
mobiles and motor and has specialised on a little 
car_which surpasses cheaper American makes. 





SOCIETY OF GLASS TECHNOLOGY. 


A MEETING of this rg | was held at Stourbridge on 
Wednesday, January 21. ing the forenoon, through 
the kindness of the respective di members had 
an oy of visiting the works of Messrs, Stevens 
and Williams, Limited, Brierley Hill; Messrs. Thomas 
Webb and Sons, Limited, Dennis Glass Works ; Messrs. 


with|Thomas Webb and Corbett, Limited, Coal 


Glass Works ; and Messrs. King Brothers Sane . 
Limited, Stourbridge. After a lunch at the Talbot Hotel, 
at which members outside the Midland area were the 
guests of the local manufacturers, the general meeting 
was held in St. Thomas’ Hall. The ident of the 
society, Mr. 8. N. Jenkinson, occupied the chair. At 
the outset it was unanimously to send a m 

of greeting to the newly-formed Glass Division of the 
American Ceramic Society. In replying to a vote of 
thanks to the local manufacturers, Mr. J. 8. Williams- 
Thomas, J.P., O.B.E., said that the old days of icion 
and jealousies had away, and they were now 
more inclined to —— other. The prosperity of the 
glass trade depen upon manufacturers wong 
together, and in doing all they could to keep abreast o 
modern machinery and methods. One collective and 
seven ordinary members were elected. 

Three Per were then presented to the meeting, the 
first by Dr. W. E. 8. Turner, being entitled ‘ The Factory 
Inspection of Glassware.”” He laid stress on the import- 
ance of sending out from works only good reliable articles. 
A sound glass industry could only be built up on a 
reputation for quality. He said that every article to be 
decorated should be carefully examined in the blank, 
as thereby much waste could be avoided. Reference was 
also made to a recent decision by Japanese manufacturers 
that all articles of glassware which they exported should 

Se ew ug * t ae ete ce of this was 
emphasised, and a simple form of testi apparatus 
was exhibited. : on" 

Lieutenant-Colonel C. W. Thomas followed with a 
paper on “ A Glass-house Pot of Special Construction.” 
A a of the pot was available for inspection. It was 
made by Messrs. E. J. and J. Pearson, Limited, of 
Stourbridge, partly as an experiment. It was in two 
parts, the crown being made separately and placed in 
position afterwards. here was a jointing cushion of 
asbestos - oo _ se oo) —_ of which 
was suitably grooved to hold the packi position. 
The object in making such a pot was to oaabte the interior 
surface of the pot to be worked upon when in a hard 
and toughened condition. The pot was made in a solid 
mould with a core, the clay being rammed into a dense 
body with a wooden rammer during the process of 
manufacture. The result was a much stronger and 
denser body than was the case with the ordinary hand- 


built pot. 
Mr. F. W. Hodkin, B.Sc., A.LC., 





The third paper, b 
and Mr. W. H 8. Turner, D.Sec., was entitled “* The 
Relative Durabilities of Potash and Soda Glass for Artistic 
and Table Ware.” In summarising the results that had 
been obiained, Dr. Turner said a soda-potash glass was 
more durable than a glass composed, either entirely of 
potash or entirely of soda. 

Each paper was followed by a discussion. 





PERsoNAL.—Engineer-Admiral J. W. Ham, B.N., 
C.B., has resigned his ition as chairman of the 
Gardiner Shipbuilding an ineering beer sa, Poole, 
Dorset.—Messrs. Clayton and Shuttlew . Limited, 
Lincoln, have reopened their London Office at 118, 
Queen Victoria-street, E.C. 4. Telephone, Central 3152. 





Wrretzss Research Boarp.—The Department of 
Scientific and Industrial Research has established a 
Wireless Research Board, the object of which is to 
co-ordinate and develop the research into wireless tele- 
graphy and telephony now being undertaken by Govern- 
ment Departments. The chairman is Admiral Sir 
H B. Jackson, and the members are Commander 
J.8. ond, R.N., Lieutenant-Colonel A. G. T, Cusins, 
Wing-Commander A. D. Warrington Morris, Mr. E. H. 
er: Professor J. E. Petavel, and Professo: 





THe Ministry OF TRANSPORT: PROPOSED LIBRARIES. 
— is —— to — ad 7, in the Ministry of 
» which it is ho to make as tative 
os pani of all branches of Gianapectetion ond their 
development, as well as of power, trade, industry, 
agriculture and other subjects which have an important — 
bearing upon, or are affected by transport. Transport in 
other countries will be fully represented in the collection, 
which it is hoped, in course of time, will greatly facilitate 
the study of the “science of movement.” A from 
textbooks and other works of reference, official publica- 
tions and the like, the Ministry is endeavouring to obtain 
reports and other publications of local authorities, 
t rt un ings, Chambers of Commerce, trade 
associations, techni societies, committees and other 
public bodies, and generally that large class of literature 
which is not published in the ordi course, but which 
lends valuable aid to the study of transport and trade 
development, both in this country and abroad. Any 
assistance in making this collection as complete and 
comprehensive as possible will be welcomed. The 
library will form of the intelligence service of 
the Ministry, which is now in course of organisation under 
the Director-General of Development, whose function 
it will be to keep the i informed of all develop- 


ments in connection transport, both at home 
and in other countries, an object which for ite fullest 
achievement must in measure upon 


a 
the co-operation of concerned with transportation. 
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a om losses and formation of eddies in the | not be expected in regard to efficiencies. The average 
RECENT ADVANCES IN UTILISATION OF | water during ite passage through the turbine. efficiency of the tests then published was 85 per cent., 
WATER POWER.* boghaet Satelilo beNiesmmantainentainune ie which ovine has been ve exceeded, and a 
; : obtain uring recent years are recorded in Ta’ increase 0 per cent. above efficiencies i about 
By Ente M. Rynqerece. of Tandon, Agsotidte ‘Mouiber. below, and it is to be aes that these figures represent: twelve years ago can now be recorded. These high 
(Continued from page 143.) gy ea working conditions in -the | values of efficien telly entitle she water sasbine, sulien 
. ConcomIT aNTLy with the development of of impartial experts, and consequently they | properly designed, to ranked as the most efficient 
runners is the remarkable increase in e oeeeall | cen Ee 2 can be regarded as highly authentic. prime mover existent. 
While on the subject of efficiency tests of plants, it 
TABLE IV.—NorasBLe ACHIEVEMENTS IN Maxmwum Erviciency OF Water Power InsraLiations. may be of interest to record the increase in the use of the 
chemical or titration method for measuring the quantity 
3 = -| Ee of water. This engined in now coneidened 08 Gv very 
: & As Sexe u cauuas meter the discrepancy in a ~ 
: verages only 
. hut ra ten 1s |e E z Ze : Weenity of | 1 percent. to 1-3 per cent.* This of testing 
— mas , , & F = " att : a principally used for large low-fall installations where 
z Fy generally other known methods of measuring 
x z & | ft.- |met-| per uantities of water are either inconvenient or - 
Ib. | ric. | cent. cae. 
1 | Svalgfos Hydro-Blectric | 1908 | J. M. Voith ..| 160 | 11,760|260-0]86-0| 160/86-16) Double enclosed | Floating vane. usted aeons aad poe: de Turbine ae 
= ion, Natodden, Nor- horizontal ments; the im rover ent ras } 
2-| Reinfelden Hydro-Electric| 1908 | Escher, W 15 | 1,200] 68-0/40-0| 177|87-0 | Quadruple open construction and simplicity in aecign, 8 together wi 
Plant, Switzerland and Co. m= eetiaal A higher standard of workmanship, dupertonn 
3 | Hamilton Awe 8 Con- 1909 | J. M. Voith ..| 261 | 7,000/286-0/16-0} 71/86-8 ge factors which have contributed to the o advances in the 
ny, 1: or freed 
4 | Trollhétean Hydro-Blee- | 1910 | Nydqvist and | 100 | 12,500|187-5/46-5] 206\87-0 | Double enclosed | Floating vane. | Utilisation of water power, by —— Salty in 
5 | Kanderwerk dydro-Blec- | 1908 | Escher, Wyss | 205 | ,200|400-ol27-5| 122le7-4 | single spiral working and accessibility to repairs, all of which 
anderwer -Elec- tr, 3 400- * 2/87 -4 
tric Plant, Switzerland ead Go, horizontal are of vital importance in connection ie with any power 
6 oo Hydro-Electric | 1911 | Piccard, Pictet | 248 | 6,500/333-0/19-0| 85/90-0 | Double spiral development. 
: ant, Rhone, Switzer- and Cie horizontal Space does not permit, within the limits of this paper 
an detail rtan 
7 | Appalachian Power Com-| 1918 | J. P. Morris ..| 49 | 6,000|116-0]69-5) 308|98-7 | Single open verti-| Weir. ais ccna tae | ap fohowine ~wd Sums 
ny, U.S. 
8 | Pennsylvania’  Water| 1914 | J. P. Morris ..| 63 | 16,500 94-0|70-0| siz|93-0 single open verti-| Titration method. | brief description of some prominent modern hydro- 
Power Company electric power plants, embodying various types of 
9 | Porjus Byases Y piectric 1915 | Nydqvist and | 162 | 14,000/250-0/86-0| 159|92-0 Double enclosed | Current meter. turbines and modes of installation which will serve the 
Plant, Sweden H horizontal purpose of illustrating the advances in construction and 
10 | Massaboden H. E. Plant, | 1915 | Piccard, Pictet | 142 | 3,500/500-0/42-6) 189|/90-0 | Double spiral| Current meter pa lay-out of hhytiro-elegtric power plants. 
Switzerland and Cle horizontal and titration. There is, Bowerer one important detail of construction 
11 | Great Northern Paper} 1917 | J. P. Morris ..| 108 | 5,260)240-0/56-0/ 249/92 -07| Double spiral | Current meter. namely the : paratus regulating the quantity of 
putes, Mainociah, Sones water to be oe to the re which for some 
12 | Forsse Hydro - Electric! 1918 | Verkstaden ..| 57 | 38,750/250-0/80-0) 352/94-0 | Double enclosed preliminary sg In the past, three distinct types 
Plant, Sweden horizontal of construction have been employed, Fig. 11, page 192, 
namely :— 
Fie. 9. Tursrxe Erricrency Curves (Szz Taste IV.) Fie. 10. Tursuye Exercrency! Cunvas (Sze Tasiz [V). 
— a Lf} 
we 96 ¥ ¢ g% i Ss x 
gs a —o— -_ 
78 or rem. —— oe 77 a 
a" —_ — 86 —o 80 To 88 
yap — 2K = : 82 -_ - ao eerisency citanen 
5 a o- GUARANTEED ‘EFFICIENCY > - 73 FROM |MODEL RUNNER AT HOLYOAK 
ee 62 PORJUS. | GREAT NORTHERN PAPER CO. 
Fd -r H.E.POWER STATION; SWEDEN. 2 MILLINOCKET, ME. U. &- A. 
+ UNIT N@ 5. ib - UNIT NE 6. 
HEAD— ———162 FT. HEAD——— — 108 FT. 
20 OUTPUT — 14,000 B. H. P. 20 OUTPUT — 5,250 G-H. P. 
SPEED— —— 250 R.P. Me SPEED ———~240 Re Py Me 
q | | _|suty 1918 ; | j NOWe 1917, 
vo) j 5,000 10,000 15,000 B. H. P, v 2,000' _ 4,000 @,000! B. H. P, 
OUTPUT ouTPUT: 
DovsLe HorwortaL ENcLosep. N, rzr RunNER = 36. Dovste Hormwontat Sema. N, — 66, 
TESTED BY CURRENT METER. TESTED BY CUBRENT 
p—100% —100,% MAK. EFF~98+7%: 
77-6 <n om Oam am 
-—— 80 - — 20 +——- 80 
: | as | 8} x0 Le 
= ° oO 
TROLLHATTA. 5 APPALACHIAN PO co. 
2 = H.E.POWER STATION, SWEDEN. = DEVELOPMENT NO. 2. Us S. A, 
s HEAD-——— 100 FT. ui HBAD— —— — 49 FX. 
20 OUTPUT — 12,500 B. He P. 20 OUTPUT — 6000 B«HaP. 
SPEED———— 18795 R.P. Ms SPEED — ——-116 R-P. Me 
} - | |SUNE 1910 ‘ | | ' | FEB. 1913, 
fr) 4.000. 8 ,000 12,000 8. H. P, 0 2,000 4.000 6,000 B. H. P. 
OuTPUT niger oF 
Dovustz HormontaL Enctosep. N, rer Runner = 46.5. SrneLE VerTicaL VotoTEs Castine rn Concrete. N, = 69.5. 
TESTED By FLoatine Vane. TEsTED py WEIR. 
“ee T m1 oS. 100% 
7 ais . 
a 77 : 
S}—eo | hj ao 
2 MASSABODEN. a PENNSYLVANIA WATER AND POWER CO. 
= H. E.POWER STATION, SWITZERLAND. g wa HOLTWOOD, U. 6. A. ¢ 
= HEAD———— 148 FT. “i + appli : 
, HEAD — — —~ — 68 FT, 
OUTPUT — 3,500 8. H. P. - QUTPU— . eBiSEO Buttoh 
SPEED————500 R- Pe Me GPEEO- ———04 A.P. M. 
[DEC- 1915, . | | DEC. 1914 
0 875 1,780 2,625 8. H.P, 3,500 4,100 6 6,000 ' 12,000 18,000 B. H. 
(6191,4,) OUTPUT (9.1) ouveur 
Dovus.Le Spat Hormontar. N, Pap RuNNeR = 42,6. Sinete VerTicaAL VOLUTE Castine in Conorewe. N, = 70. 
TESTED By CURRENT METER. TrrRaTION MErHop. 
efficiencies obtained from plants under. working con- Another significant fact to be recorded is the}long A. The cylinder gate. 
ditions. ‘The increases in the average overall efficiencies | range of gate for which an efficiency of over B. The register gate. 
have naturally followed in the train.of-the more careful | 80 per cent. bien and which can be seen from the C. The wicket gate. 
and correct runner design already referred to, but they | various test curves, Figs. 9 and 10, herewith. In this 
are also due to the improvements in the design of casings, conneetion it is interesting to recall that only a few years; Although both the cylinder gate and 


register 
guide apparatus, suction casings and suction wwe based.| ago Professor F. Prazil,* in the course of a paper on| undoubtedly possessed certain point of merit, 
on a better understanding of the conditions of flow in ‘Turbine Efficiencies delivered before this Institution, | have now superseded by the modern wicket gate, 
various parts of the turbine, thus eliminating es far as ae meer ee 


*-Paper read befo Institution of Mechanical * Dr. F. Prazil, * ts with Prancis|' *A Streiff, Engineering Record, September, 1014 
Maginetes, on Friday, Pact ae 1920, turbines,” ” Proc. I. Mosh Eos. Th page 276. 
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reduced obstruction to the approach of the water to the 
runner and by gerne impact losses and formation 


of eddies, which, i at smal] gate openings, 
were a marked disadvantage inherent to the two first- 
mentioned designs. Modern Francis turbines are now, 


without exception, equipped with wicket gate reculation, 


consisting of a number of fin-shaped vanes each pivoted 


A. CYLINDER-GATE. B. 


REGISTER~GATE. 


















RUNNER 
(oi 
Fie. 11. Taree Types or GuipE APPARATUS 


FOR REGULATING THE QUANTITY OF WATER TO 
BE ADMITTED TO THE TURBINE. 


on a gate spindle and obtaining its movement from the 
regulating ring to which each gate is connected by means 
of a short link. 

From the point of view of application to different 
heights of fall, the Francis turbine is generally classified 
as follows :— 

1, Low-pressure turbines up to 75 ft. fall. 

2. Medium-pressure turbines, 75 ft. to 150 ft. fall. 

3. High-pressure turbines from 150 ft. to 550 ft. fall. 

‘The low-pressure turbine is installed in open flume, the 
medium in circular casing, and the high-pressure in spiral 
easing, although a distinct line cannot be drawn as 
various local conditions have to be taken into con- 
sideration in each case. 

Low-Pressure Francis Turbines.—This type of turbine 
is generally pisces in open flume, to which the water is 
conducted through an intake channel, the plant being 
arranged with vertical or horizontal shaft. The latter 
arrangement has, where local conditions permitted, 
been adopted in most low-pressure hydro-electric plants 
in Europe, being arranged with two or more turbines on 
a common shaft to secure a high ; 

In America, on the other hand, the vertical arrangement 
has been exclusively adopted in connection with modern 
low-pressure installations, primarily due to the topo- 
graphical conditions of the rivers from which the power 
is utilised, inasmuch as the fall of the river is very often 
distributed along large distances, and dams have to be 
built to concentrate the fall, which construction lends 
itself particularly well to the arrangement of vertical 
shaft units. 

It is in this connection that the most notable develop- 
ments in hydro-electric power plants have taken place 
in recent years and which have been stimulated by the 
development of the “ high capacity” runner as already 
referred to. This latter construction has permitted 
the adoption of the single vertical turbine, which 
many economic advantages over the arrangement of the 
— runner, either on vertical or horizontal shaft 
and facilitated the promotion of the large-power, 
low-head hydro-electric undertakings which, during the 
last six years, have shown such a remarkable development 
in the United States of Aroerica. 

A. Vertical Low-Pressure Francis Turbines.—A typical 
example of this arrangement is the plant of the Mississippi 
River Power Com , situated at Keokuk, Iowa, and 

ly completed iT Bi 3, which apart from its hydraulic 
eatures is of unusual interest as being, when completed, 
the largest power station in the world, with an output of 
over 300,000 h.p. under one roof. This power plant is 
situated on the Mississippi River at the foot of the 
Des Moines Rapids, the fall of the river 23 ft. in the 
12 miles above the rapids, and a total fall of 32 ft. has 
been obtained by the construction of a dam across the 
river between Keokuk and Hariilton. The power-house 
forms of the dam structure, and is built with its 
entire length parallel with the river, the area between 
the power-house and the main bank forming the fore-bay. 
‘The power-house is constructed entirely in concrete, and 
its imposing size can be ju from the fact that the 
total length is 1,718 ft. by 132 ft. 10 in. wide and 177 ft. 
6 in. high from the lowest point in the tail-race to the 
highest point of the roof. Accommodation has been 

vided for 30 vertical single-runner Francis turbines 
irectly-connected to vert generators of which 
15 units are now installed and in operation. The turbines 
are i for a normal output of 10,000 h.p. under a 
net of 32 ft. anda of 57-5 r.p.m., al 
each unit is capable of overload up to 14,000 h.p. un 
a head of 39 ft. 





From 6 hydraulic point of view this installation is of 


particular interest, as it embodies all the modern 
which has 
investigation. 


have been designed 


practice 
been derived from years of careful study and 
This particularly refers to the con- 
struction of the intake chamber and suction tubes which 
to reduce to a minimum the losses 
due to impact and formation of eddies. For this purpose 


of observing hydraulic principles in the construction of 
the intake pores: | of the turbine, applies 

in a greater degree to the design of the suction or draught 
tubes. As in the case of the Mississippi plant, recent 
practice is, as far as conditions permit, to mould the 
suction tube direct in concrete and discharge the water 
at the bottom end parallel to the flow of the tail-race in 
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Fie. 12. Tursrxe at THE Mississrep1 River Puan. 








the turbine is set in volute casing cast in the concrete, 
which imparts to the water the same entrance velocity at 
all — round the turbine and removes the possibility 
of formation of eddies in the intake chamber, thus 
ensuring the highest ible efficiency of the turbine. 
ene, a Se ee Se ea ee oe 
designed to avoid any sudden changes in velocity and to 
ensure a gradual and uniform transition in the velocity of 
the water, which is of most vital importance to enable e 





Pp ae enna ae it to be realised. 
it has just been seid with regard to the importance 
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Fie, 13. Kixesspury Turust Bearmna. Desicnep ror 180,000 Ls. Tarousr Loap at 
100 R.P.M. Ovtsrpr DramersrR or Turvust Corbar 31 In. 


preference to using steel tubes, as was formerly the 
practi 


ce. 

The suction or draught tube was considered one of the 
great features of the Francis turbine, permitting the 
erection of the plant at a convenient height above tail- 
water level without loss of head. In addition, however, 


it also performs, if pro rg ed, the very important 
function of Nelovaliog co om i 
to the velocity of the water when lea’ the runner : 
hence it beco 


mes necessary to particular attention 
-o this part of the construction. Py 
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This hydraulic function of the suction tube may be 
of less importance in connection with slow-speed runners 
operating under a high head, as the discharge velocity 
from the runner does not exceed a figure corresponding 
to approximately 5 per cent. of the total head, and in 


most cases less, but in connection with high-capacity 
runners the suction-tube becomes one of the most vital 
parts of the turbine and, in fact, without this the high- 
capacity runners would be impracticable owing to the 





loss of efficiency entailed in not converting the velocity 
discharging 


energy of the water when di m the runner 


had been given to this important section of the plant. 
In this respect the eT ee unit has an 
advantage over the horizontal construction, as in the 
absence of suction casing or bends a higher overall 
efficiency is eae aie 

In Fig. 12, page , is seen mechanical arrange- 
ment of the turbine at the Mississippi River plant. 
The turbine is placed just below the floor level of the 
power-house at the bottom of a short shaft lined with a 
steel ing. One upper and lower heavy foundation 
ring is embedded in the concrete conforming to the 
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practice was to use a lignum vite under-water bearing, 
consisting of three blocks fitted in a cast-iron shoe wit 
mane, Seve for taking up the wear. This design 
of guide bearing is unsatisfactory in connection with la 
units on es unt of the small 
frequent justments necessary. The ide 

now adopted consists of a large number i lignum vite 
strips dovetailed into the bearing-boxes, evenl 

round the whole circumference of the shaft, the small 
space between each strip allowing the water to circulate 
round the bearing. It is also an advantage to use this 
t as an outside guide-bearing when the turbine is not 
submerged, in preference to babbit-lined beari as the 
bearing can be placed close up to the runner and pressure 
water used as lubricant ; thus the necessity of providing 
circulating pumps for 0:1) is dispensed with. 

The most important mechanical detail in connection 
with vertically arran, turbines is the thrust bearing, on 
the construction of which perhaps the whole plant 

ds for satisfactory and continuous operation. It 
must be admitted that a strong esasies existed in 
the minds of many engineers aga thrust bearings, 
which in many instances militated against the adoption 
of the vertical ment for large units; and the 
question of the most reliable type of bearing for such 
plants, when the load to be supported may exceed 250 
tons as in the case of the Mississippi plant, naturally 
compelled most careful thought pm consideration, In 
America, at any rate, the t practice is to use one 
thrust bearing only which, in addition to the weight of 
and water pressure on the runner, has to carry the weight 
of the rotor of the generator, whereas European engineers 
up to the present have preferred to have a separate 
bearing for the generator. 

The types of bearing which have been used for this 
Lap vow are: (1) bo pene Eee eee 5 (2) ball 
or roller bearing ; (3) ‘‘ Kinsg * ing. 

The oil-pressure thrust beating conaete of one 
stationary and one rotating disc between which oil is 
pumped under pressure. For small loads, oil under 
pressure is not n and the two discs revolve in an 
oil bath, although for large plants the load is generally too 
excessive mete the use of this latter type of bearing. 
Ihe introduction of ball and roller bearings, which are 
now employed in every possible sphere of engineering, 
signified a further advance in the construction of thrust- 

ings. Ball or roller bearings, or both combined, 
have been used as thrust i in connection with 
vertical turbines with unqualified success, and have now 
more or less substituted the oil-pressure bearing with its 
intricate system of pumps and pipe connections, and thus 
removed the danger attached to any breakdown of the 
— supply, to which this type of bearing was 

e. 


ing surface and the 


liab 
The most recent type of thrust ing is the “ Kings- 
bury,” which now severely contests the place of 


ro bearings, and has been adopted in 





opie ter 
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nto useful work. This will be appreciated when it is 
remembered that the discharge velocity of the water in 
high-capacity runners may often represent as much as 
15 per cent. to 20 per cent., and even more, of the total 
head, which yong A stored ax gar -designed suction 
tubes could not recove: to the fullest possible 
extent. 

The overall efficiency of modern turbine plants employ- 
ing high-capacity runners is therefore in a great measure 
dependent on properly-designed suction tubes, ensuring 
that the velocity of the water immediately after its 
discharge from the runner is ually and uniformly 
reduced to the minimum velocity when discharging 
into the tail-race and thereby increasing the total 
utilised head. This fact has in many cases not been 
sufficiently appreciated, with the feels that the plant 
has been working with a it loss of efficiency, 
which could have been avoided if due consideration 
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inner ciruumfererce of the volute casing, and rigidly 
connected by means of strong staybolts which transmit 
the total weight of the unit to the foundations of the 
wer-house. The runner is of most formidable 
imensions, being the | t size runner in the world, 
with a diameter at the disc of 17 ft. 4 in. and a total 
weight of 80 tons. 

The spindle of each guide vane passes through a te 
stuffing-box and connects with the common i 
ring by means of a lever which in its turn obtains its 
movement from the servo-motor of the automatic oil- 
pressure governor. This system of regulation is now 
the practice adopted in all large vertical units. As all 
the regulating connections are above water, it permits 
inspection when running, access gained from the 
power-house floor through a separate on shaft. 

This plant also illustrates a new in the 
design of guide bearings just above the runner, Previous 


jing | however, being composed of several 








connection with most recent vertical turbine plants. 
The invention is based on the theory of the w ’ 
a oil film to support the load as put forward by 
Professor Osborne Reynolds in his standard work on 
“Theory of Lubrication.” * 

The construction of such a ing is seen from Fig. 13, 
and consists as in the case of the oil-pressure bearing, of 
one stationary and one revolving disc, the former, 

ents, each of 
which is mounted on a pivot to permit the slight angular 
displacement “sacpecdio~ A to the rotating disc necessary 
to allow the film of oil to assume the wedge form. The 
outstanding feature of the Kingsbury beari is the 
very low frictional loss as compared with any other type 
of thrust bearing. From tests made with these boarings 
in connection with a 10,000-h.p. vertical turbine at 


——, 





* Phil. Trans., 1886, 














100 
to 10 or approximately one-tenth per cent., of the 
total power, which fact serves to lain the very high 
values of total efficiency obtained with modern vertical 
turbine plants. Not only has the hydraulic efficiency 
been improved upon, but the mechanical efficiency has, 
by the adoption of efficient bearings, attained a value 

Snoly spproeehing 100 per cent. 
It will be observed that when ning there is no 
upon a film 


metallic contact, the load being suppo 

of oil and consequently permitting a very manee higher 
bearing ‘ace 

in roller bearings, and hence, with 


specific pressure per square inch of 
t could be allowed 
equal load and speed, the Kingsbury bearing would 


rpm, the friction loss amounted to from 7} kw.|_ 
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inatallation 


The turbines for the Cedar Rapids are the largest ever 
contemplated, and show a few interesting improvements 
over the early Mississippi type. The most notable of 
these improvements is in the design of the foundation 

or the so-called “speed-ring,” which, instead of 
cast in two rings, one b 
by means of staybolts, 


mpany 

: 6 units—20,000 

120 r,p.m., 76 ft. head; ultimate 
10 units. 


is now cast with 


vanes connecti the two rings and given fin-sha; 
section, which offe ns on 


and one lower, and | hei, 
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| made have been contem; lated, and it is safe to predict 
ee ee Bee 


installation will lead to great future p' in the 
utilisation of water power under low Although 
the vertical arrangement has not been adopted in Europe 


for such large developments as those described of 
American construction and operating under heads of 
from 30 ft. to 70 ft., it has been used i 
water power developments under extremely low heads 
up to about 10 ft. or where large fluctuations both: in 
ght of fall and quantity of water render this .con- 
struction necessary, the usual method being to employ 
two or more runners on the same shaft, of which only one 





rs less hydraulic resistance and from 
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have smaller dimensions than in the case of any other 
of bearing. The load to be supported at the 
issiasippi plant is, as before stated, 255 tons; the 
diameter of the bearing is 56 in., with a specific pressure 
of 350 lb. per square inch. As will be seen from the 
sectional drawing, the bearing is placed between the 
turbine and the generator and is accessible from a 
platform in the inspection shaft. The shaft has a 
diameter of 25 in. in the bearing, and is coupled direct 
to the generator shaft by means of a solid flanged 


—s 

The turbines were tested in place, and the efficiency 
obtained aver 90 per cent, for all units. The 
generators are of the ‘‘ umbrella’’ type with a capacity 
of 9,000 k.v.a. at 0-8 power factor and rated at 11,000 
volts, three-phase current, 26 Y peers and, i 

on the principle of a revolving field inside a fixed arma- 
ture. he extreme outside diameter is 31 ft. 5 in., and 
the diameter of the revolving field 25 ft. 5 in., the 
guaranteed efficiency at full load being 96-3 per cent. 
including all losses from friction and windage. The 
electrical equipment also includes a step-up transformer, 
‘eguuadinn te voltage from 11,000 volts to 110,000 volts 
for transmission to St. Louis at a distance of 144 miles 
from the power house. 

From this short description of the Mississippi power 
plant, one cannot fail to observe that, in spite of the 
enormous size and capacity of the plant, the arrangement 
is the acme of compactness and simplicity, and does not 
possess the objectionable features inherent to the 
previous practice of multiple runners. The advantage 
of the single-runner type is at once evident, if reference 
is again made to the sectional drawing, Fig. 12, page 12. 
The outstanding feature is the absence of any submerged 
bearings, and the thrust bearing, guide bearing, regulating 
gear, and, in fact, all auxiliary parts of the runner, 
are above water level and readily accessible for inspection 
and necessary repairs.* The cost of maintenance is less, 
and the arrangement with a single suction tube secures 
the highest possible efficiency, bn wre with simpler and 
cheaper construction of the foundations. 

In concluding this brief description of the aver 
of large single-runner Francis turbines for low ‘ 
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Fig. 




















or two are operating under low-fall periods. 
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it may again be emphasised that this development 
represents the most important advances in hydro- 
electric practice in recent years, and since its successful 
inauguration in 1912 it has su uently been adopted in 
@ number of prominent low-h plants, including the 
following :— 

Alabama Power Company, Lock No. 12, Coosa 
River: 6 units—17,500 brake horse-power each, 
100 r.p.m,, 68 ft. head. 

Cedar Rapids Manufacturing Company, St. Lawrence 
River, Canada: 12 unite—10,800 brake 
power, 55-6 r.p.m., 30 ft. head ; ultimate installa. 
tion 18 units. 


* H. Birchard Taylor, “ Vertical Shaft Single-Runner 
Turbines as Applied to Low Heads.’’—General Electric 
Review, June, 1913. 
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larger units than 


The Chester Municipal Hydro-Electric Power Station 
is a typical extreme low- development operating 
under an average head of 7 ft., although during certain 
periods of the year the head falls as low as 5 ft. and 
sometimes reaches a maximum of 9 ft. A section and 
end elevation of the power-house is shown in Figs. 
15 and 16, the plant comprising two units designed 
for a quantity of water of 30,000 cub. ft. per minute, 
and one smaller unit to deal with 22,000 cub. ft. 
per minute, all under a maximum head of 9 ft., corre- 
sponding to an output of 415 h.p., for the , and 
305 h.p. for the small unit, the speed being r.p.m. 
and 55 r.p.m. respectively. 

Each turbine is set in a 
concrete-lined i 


< pe suction tube. , -s 
wen a sins onl teed and is a ny oy i gt 


concrete pit, with 














Fes, 6, 1920.] 


ENGINEERING, 








the -house floor, and the sul 

on top of the casing is lined with 
grease-lubricated through pi from floor level. The 
vertical shaft, is supported o sone Sees bearing 
running in oil bath and combined with guide bearing 
to take the side thrust from the helical bevel wheels, 
which transmit the power through a flexible coupling 
pm direct-current generators arranged with horizontal 

t. 

The ition of the power-house is such that it is 
affec by tidal water, hence a frequent variation of 
fall which had to be taken into consideration when 
designing[the turbine plant; and as the load can be 
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curves diverting the water to the suction tube. The 
shaft is at each runner on two outside ring 
lubricated — addition to a babbit-lined auto- 
matically ubricated bearing inside the suction 
casing. the practice of providing horizontal turbines 
with ligaum vite under-water | i 
discontinued in favour of outside ring oil-lubricated 
bearin, the bearing on the inlet side being made 
accessible through an inspection tunnel as in the present 
case or through a vertical steel funnel protruding above 
igh-water mark. 

ore than usual interest is presented by the arrange- 

ment adopted at Mockfjaerden Hydro-Electric Power 
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Fic. 20. Cross-SzcTION THROUGH WATERWHEEL—GENERATOR AND EXCITER, 
Gatun Lock INSTALLATION, Panama CANAL. 


kept practically constant, the turbines are not equipped 
with automatic governors, but are operated entirely by 
hand and work with full gate opening as far as permissible, 
while the varies according to the fall available. 
This arrangement secures the maximum output under 


” Turbine Plants:—The 
hydro-electric power station at Forshulten, Sweden, 
represents a typical plant of this arrangement, of which 
& section is shown in Fig. 17. The units, of which there 


c with an output of 3,000 h.p., each 
running at 187 r.p.m. under a net fall of 42-6 ft. and 
placed in o concrete pits protected by sluice and 
strainer the two runners di into a 

jon casing decigued’ Tieh cnuy 


Station, Sweden, on account of the power-house being 
situated underground and using open turbines under the 
relatively high fall of 72 ft. The arrangement of the 
plant is seen from Fig. 18, opposite, and comprises four 
units, each having an output of 5,000 brake mous 
at 225 r.p.m., with double runners on horizontal ta. 
Each turbime is placed at the bottom of « concrete-lined 
shaft and di into the common tail-race tunnel. 
The power-house is blasted out of solid rock, the floor 
level being approximately 70 ft. below the surface, 
whereas the switchboard transformers are housed in 
a@ separate building on und level and communicate 
with the power-house below through an inclined shaft. 
The alternators are directly connected to the turbine 





shaft and, due to the situation, special 
arrangements had to be made to ensure sufficient cooling. 


has now been | surface. 





has influenced the modern development of water-power 
installations and contributed to the economical utilisation 
of low falls. 

Medium-Pressure ie Turbines—The leading 
features of this type of installation are that the turbines 


po eee og ae ne ee ape lindrical or = 
casing, former adopted medium 

ee the casing, in spite 
of i manufacturing cost, now commonly 
adopted also for medium ts. As a rule, 


preference for -shaft qustioed ten medium heads, 
enclosed in spiral casings 
A typical medium with horizontal 


Although the horizontal arrangement 
plants has been adopted in a large number of 
installations in America, recent designs have, as already 
stated, again displayed the preference for vertical arrange- 
ment éntertained in that country and the tendency of 
using this construction wherever local conditions permit. 
Ce See Oe Cas See 
. 20, on gh ry wm hee ay through a unit 
the Gatun Hydro-Electric Power Station, 
Panama Canal. This station is at present equipped with 
three units with an output of 3,600 brake -power, 
each, when ing under an effective head of 75 ft. 
at a normal speed of 250 r.p.m, The turbines are set 
vertically in a cast-iron spiral casing connected to the 
penstock. The runner is cast solid in bronze and 
designed to eliminate water p on the top, so that 
an upward thrust is exerted relieving the thrust i 
of one-third of the static load. The goes is p 
on @ cast-iron di ring 7 ft. 6 in, high, con- 
to the spiral casing through which the whole 
weight of the unit is transmitted to the foundations. 
The foundation ring vernor 


by means of bevel wheels. 
The roller thrust bearing is eed 


on the top of the 
generator, in addition to which there are two automatic 
oil-lubricated guide bearings, one immediately below the 
thrust bearing and one at the turbine end of the shaft. 

Identical design and construction has been ad 
for a large of plants, notably the plant for the 
Tallassee Power Company, which turbines are designed 
for the largest output instal.ed up to the present moment, 
each turbine having an output of 31,000 h.p., with a 
speed of 154 r.p.m. under a net head of 180 ft., and a 

teed efficiency of 90 per cent. 

The Hytro-Electric Power Commission of Ontario 
contem: the installing of four vertical single-runner 
turbines at the Chippawa-Q ston plant, having an 
output of 52,500 brake horse-power 7 unit at 187-5 
r.p.m., under an effective head of 305 ft. 

The vertical arrangement of medium-pressure turbines 
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of local conditions in preference to the con- 
—— as, 4 —— at the Seros oy Ae Ry of 
Barcelona Light and Railway Company, Spain. 
A unique installation of the medium-pressure ty 
turbine is the Porjus Power Station, Sweden. As in t 
of the Mockfjaerden Power Station, this plant is 
situated d, but the turbine; are enclosed 


and connection to the turbine casing. 
There are five units with an average capacity of 12,600 
— a each under a net fall of 163 ft., running at 225 r.p.m. 
The turbines are of the double type with two runners, 
discharging into the common suction casing, The 
power house is also blasted out of solid rock, and is 36 ft. 
wide and 310 ft. long, a the turbine 
chambers through the short tunnels which accommodate 
the shaft extension connecting turbines and alternators, 

The roof is supported on a strong concrete arch, and 
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by the provision of false walls and roofs leaving @ space 
between the rock and the walls through which warm 


exhaust air from the generator is allowed to pass, all | of 


damp is prevented from penetrating into the -house. 
The generators have a normal output of 11,000 k.v.a. 
and 10,000 volts to 11,000 volts three-phase current. 
The necessary switch gear and transformers are also 
in this case placed in a separate building on ground level, 
a shaft providing communication between this building 
and the power-house below, through which the heavy 
parts of the machinery can be lowered, in addition to 
which, there is lift accommodation both for passengers 
and goods. The line voltage is 80,000, the power being 
utilised for railway traction and for mining purposes. 

Finally, as an instructive example of the arrangement 
of the medium-pressure turbine with horizontal shaft and 
spiral casing, Fig. 21, herewith, shows a section through 
a unit of Massaboden Hydro-Electric plant used in con- 
nection with the Simplon Tunnel in Switzerland. Each 
unit is capable of developing 3,500 brake horse-power 
under a net head of 142 ft. at 500 r.p.m. The turbine is 
equipped with two runners cast to back in one piece, 
the outside bearing being arranged with thrust collars 
to take up any unbalanced thrust in axial direction. 

In concluding this brief reference to medium- 

— it is a noteworthy fact that, as in the case of 
ow-pressure turbines, recent developments, at any rate 
in America, seem to favour the single-runner units, on 
account of the higher mechanical overall efficiency 
obtained and less foundation work coupled with lower 
initial cost, although each individual case has to be 
decided on its own merits and considered in conjunction 
with other factors depending on local conditions. It is, 
however, interesting to quote as an instance that the 
Stave Falls Hydro-Llectric Plant, owned by the Western 
Canadian Power Company, in 1909 installed four 
hor’ zontal double turbines each of 13,000 h.p. under 
a net fall of 110 ft. enclosed in casing, ener arranged 
as the Trollhdttan plant just described. The general 
manager of the company, in a paper read before the 
Canadian Soc’ety of Civil Engineers in October, 1915, 
stated that had this plant been designed three or four 
years later, the vertical type of single runner would 
without doubt have been adopted, not only on account 
of its higher efficiency but because it would have made 
pen oe a considerable saving in the cost of the power- 
ouse. 

High-Pressure Francis Turbines. — Much attention has 
of late been focussed on the development of low and 
medium Francis turbines, but nevertheless the high- 
pressure Francis turbine has shared in the remarkable 
and rapid development and improvement in design of 
the hydraulic turbine. The most notable feature of 
the progress in the case of the high-prossure turbino is ite 
adoption for a very much higher head than ever con- 
templated until a few years ago, and this has considerabl 
increased the field for the employment of the Francis 
turbine, in fact, under certain conditions, it even rivals 
the Pelton wheel which, until recently, was the only 
accepted type of turbine to be adopted for high heads. 

Whereas only ten years ago Francis turbines working 
under 300 ft. to 400 ft. head were indeed considered 
high-pressure turbines, to-day Francis turbines utilising 
a head of from 500 ft. to 600 ft. are not uncommon, the 
highest fall for which a Francis turbine has been designed 
being approximately 745 ft.* The reason for the 
development of the Francis turbine for high pressures 
is again due to the modern tendency of larger capacity 
per unit coupled with maximum permissible speed to 
reduce the cost of the electric generators. This fact is 
easily appreciated if reference is again made to the 
conditions of the specific speed which is the governing 
factor for the type of turbine to be employed. 

As alroady stated the lowest limit for employment of a 
Francis turbine with a commercial efficiency corresponds 
to a specific speed of approximately 11 (49). On the other 
hand the maximum specific s for a single-jet Pelton 
whee! is approximately 5 (23), which reveals the existence 
of a “ missing link” co nding to a specific speed of 
from 5 to 11 (23 to 49) under which conditions neither a 
Francis turbine nor a single-jet impulse wheel can be 
efficiently employed. For a given set of conditions 
correeponding to a specific speed within these limits, 
it has been necessary to use Pelton wheels with two or 
more jets, or two single-jet Pelton wheels, one on each 
end of the generator shaft, The present tendency, 
however, of increasing the capacity together with a 
higher actual speed, would correspondingly increase the 
specific speed and bring it within the limits of the 
Francis turbine where previously Pelton wheels only 
would be used, This fact, in addition to the introduction 
of high-speed generators also for large capacities due to 
the development of the steam turbine, have equally 
contributed to this important extension of the field for 
employing Francis turbines. 

s 4 result, the design of the Francis turbine has heen 
modified and improved to answer the additional require- 
ments of water turbines working under high pressure, 
and, as already stated, has now been employed under 
heads of approximately 7465 ft. In its early stage, this 
new departure in the design of Francis turbines was not 
free from adverse criticism, as it was feared that owing to 
the high velocities of the water when passing through 
the runner, excessive wear and erosion would not only 
reduce the efficiency of the turbine in a short time, but 
also increase the cost of maintenance as compared with 
high-pressure impulse wheels. The improved design, 
securing proper acceleration of the water through the 
turbine and eliminating the formation of eddies, togather 
with careful selection of the material for the runners have, 
however, enabled the high-pressure turbine to answer 
the requirements fully and successfully to stand the 
severe test to which it has been subjected, and there 





* E. H. da Serra de Estrella, Spain. 








exists no reason why this type of turbine, where the 
conditions permit, re not be employed up to a head 
approximately 1,000 ft. 

One of the earliest high-pressure plants was the turbine 
instailed by the California Gas and Electric Corporation, 
of which a section is shown in Fig. 22, and which has 
been in service since 1907 with most successful results. 
The plant consists of a single-runner turbine in spiral 
casing with a capacity of 9,700 h.p. under a net head of 





have established the now generally accepted theory, that 
the primary cause of pitting is due to pre. | design of 
the runner resulting in the formation of eddies, from 
which free oxygen is dissociated on account of the high 
velocity of the water at these points. Corrogion can 
therefore be entirely eliminated by correct design of the 
water passages and the selection of the runner material 
from thi bg of view is of less importance. On the 
other hand the erosive action caused by sand or other 
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Fig. 22. TuRBINE FOR CALIFORNIA GaS AND ELECTRIC CORPORATION. 


512 ft. and a of 400 r.p.m., thus corresponding to 
a ific of 14-75 (65-5). Without exception the 
high-pressure turbine is designed with horizontal shaft 
for direct connection to generator and provided with 
single or double runner enclosed in spiral casing. The 
guide vanes are forged sulid with a spindle passing 
through metal-lined packing boxes, and _ externally 
connected to the regulating ring by means of links and 
levers. 

The selection of the most suitable material for the 
runner to withstand corrosion or pitting due to chemical 
action, was a factor of great concern in the early develop- 
ment of high-pressure turbines, but recent investigations 





foreign matters carr'ed in the water is more difficult to 
guard against, and where the conditions of the water are 
such as to make it liable to produce erosion, the 
turbine inside the casing is fitted with renewable liners 
of cast steel, which material, owing to its hard surface 
skin, probably offers better resistance against e10.ion 
than any other material. The runner is also in such 
cases made of cast stcel, but for smaller diameter runners 
with narrow inlets phosphor-bronze is used to obtain 4 
cleaner casting. Where sand, however, is carried in any 
appreciable quantity suitable arrangements are made at 
the intake so that the sand can settle and not be carried 
into the turbine. Where the water is comparatively 
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Figs. 23 Tro 25. Various Typzs or Srinate SprraL TURBINES, SHOWING 
Mernops or Re.irevine Enp Turvst. 


free from grit cast-iron runners are now used to a great 
extent, even under the highest head, as on account of its 
smooth surface, as compared with cast steel, it is less 
susceptible to pitting, and only when the peripheral 
speed does not permit its use is steel cast reso’ to. 

For turbines working under high heads, it is at once 
recognised that the axial thrust must be eliminated by 
the most reliable method in order to ensure freedom from 
breakdown and continuous operation, When permissible 
the double-runner type of turbine is employed as no 
special thrust bearing is required, the only precaution 
necessary is to provide the shaft with a thrust collar 
to take up any unbalanced pressure due to unequal wear 
of the runners. In the case of the single-runner type, 
the elimination of the axial thrust is one of the most 
vital considerations of its design, and various methods 
have been adopted, but in recent practice the aim has 
been to simplify its design and rely on hydraulic rather 
than mechanical means for balancing the thrust. 

It is evident that the often considerable end thrust in 
high-pressure turbines could not be sufficiently eliminated 
by means of holes cast in the runner communicating 
with the suction side ss used for low and medium pressures 
and additional means had to be employed to equalise the 
end thrust, principally due to the static pressure behind 
the runner caused by leakage through the annular — 
between the runner and guide casing. Thrust cham 
and thrust pistons were among the first devices adopted 
for this purpose. The former device consisted of pro- 
viding a e between the runner and the casing at the 
suction side in which pressure water was admitted so as 
to balance the pressure at the back of the runner. Where 
the shape of the runner did not permit this design, the 
same principle was apphed by using a balancing piston, 
the shaft being enlarged to act as a piston fitted in a 
gun-metal-lined cylinder, the space in front of the piston 
being connected to the pressure side on the turbine and 
exerting a pressure opposing the pressure at the back of 
the runner. 

In each case, the pressure was regulated by hand by 
means of a valve and adjusted to establish equilibrium 
at the normal output of the turbine and at other gate- 
openings the collar bearing would take up the unbalanced 
thrust. In addition. both the thrust chamber and piston 
were connected to the suction tube through a separate 
valve, so that in the event of the pressure due to unequal 
wear of the runner, exceeding the pressure at the back, 
it could thus be relieved. A balanced runner of modern 
design is shown in Fig. 23, the area of the runner at 
A and B being equal and leakage prevented by hydraulic 
labyrinth joints and any unbalanced thrust is taken up 
by the combined journal and thrust ball bearing. 

Another modern arrangement is illustrated in Fig. 24, 
the space behind the runner being connected with the 
suction tube through an amply dimensioned pipe sufficient 
to reduce the end thrust on the colar bearing within 
permissible limits. The clearance between the runner 
and casing is kept very small and leakage prevented by 
labyrinth joints. In special cases, to reduce the wear 
a steel ring is shrunk on to the rim of the runner and 





@ corresponding renewable liner fitted to the casing, 


This figure also affords an illustration of the ent 
with overhanging runner which has the principal 
advantage of giving a free and unobstructed Tickarge 


through the suction bend. 

The hydraulic balancing devices have been stili further 
improved by combining automatic action. The first 
design carried out on this principle consisted of a thrust 
plate attached to the shaft, and enclosed in a casing to 
which the pressure water was admitted. The shaft with 
the runner was given a slight clearance permitting the 
movement in axial direction and the pressure on the 
thrust plate was automatically regulated through the 
leakage between a shoulder on the plate and a facing on 
the casing, a device which is well known as being now 
employed in all modern turbine pumps.* In applying 
this automatic device in connection with recent high- 
pressure turbines, the runner itself has been designed to 
substitute the thrust plate as shown in Fig. 25, above. 
The clearance on each side of the runner is only 0-02 in. 
but from actual practice it has been ascertained that the 
maximum movement which takes place to reach the 
ultimate runni ition with equilibrium established 
on both sides of the runner, hardly exceeds 0-025 in. 
If properly designed this method is entirely automatic 
in its action and has been used in turbines of even up to 
12,000 h.p. without the addition of any mechanical 
thrust bearing. 

(To be continued.) 








‘Arnorart ENGINEERING.”—A copy of the first 
number of a new monthly journal bearing this title, 
and intended mainly to supply technical information for 
persons interested in the design of aircraft, has reached 
us from the publishers. Considering the state of the 
aircraft industry at the moment, the present time may 
at first seem rather inopportune for the establishment of 
@ new technical journal devoted to aeronautical matters, 
but it must be remembered that if the industry is to 
flourish in the future it is well in the meantime to devote 
as much time and attention as possible to the further 
improvement of design. Much may be done in this 
direction by the dissemination of the right kind of infor- 
mation, and if the standard reached in the first number 
of Aircraft Engineering be maintained, its publication 
can hardly fail to have a beneficial effect upon the 
aircraft industry. The first number contains several 
original articles by recognised authorities, of whom we 
may mention Mr. J. D. North who writes on “ Fuse 
Stresses,” Mr. L. Aitchison on “Heat Treatment of 
Steels,” Mr. R. V. Southwell on the “ Strength of Struts,”’ 
and Mr. O. Glauert on “ Stability of Aeroplanes.” The 
number, which is well printed and f illustrated, 
contains 31 of reading matter, and its price is 
2s. net. The offices of the paper are at 69, Bishopsgate, 
London, E.C. 2. 


* A. E. L. Charlton. “ Notes on the Construction of 
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American PzTRoLEUM.—It is estimated in the report 
of the Bureau of Mines, of May, 1919, says The Board of 
Trade Journal, that the demand for leum will reac’ 
800,000,000 barrels per annum by 1927, and all known, 
and probably all existing underground reserves in the 
United States will be usted by 1928. The Smith- 
sonion Institute Report, however, points out that the 
present tendency cannot persist to the point of even 
approximate exhaustion, as conditions, naturally arising, 
such as price increase, growing imports, &c., will relieve 
the tension and spread the remaining supply over a 
greater number of years. 





PETROLEUM IN THE ARGENTINE.—The British Bank of 
South America, Limited, states that considerable effort 
is being displayed by the Argentine Government to 
develop the petroleum resources of the country, From 
geological studies it has been ascertained that the eastern 
zone of the national territory of Neuquen is rich in petro- 
leum deposits, and after a series of attempts a well 
has been successfully bored 1,000 km. north of kilometre 
1,295 of the Southern Railway, Bahia Blanca-Neuquen- 
Zapala line. The petroleum found is said to be of good 
quality and rich in light arene according to an official 
analysis made. Since then borings have been started 
at four points in the vicinity of this well, on which work 
is being continued. The output of petroleum from the 
Argentine State Wells at Comodoro Rivadavia for the 
week ending November 14 amounted to 4,315 cub. m. 
The total output corresponding to the first six months 
of this year was 96,900 cub. m. Arrangements are now 
being made on a large scale by the Minister of Agriculture 
for the distillation of the crude petroleum (1 oub, m. = 
220 imperial gallons). 


Hottow Concrete Bricks.—A demonstration was 
ee on the 23rd ult. in connection with a new type of 
ollow concrete brick or building block, being brought 
out by Messrs. Hollow Concrete, 11, Queen Victoria- 
street, E.C. 4. The great feature of this system is that it 
produces a hollow block, full-faced on all six sides. The 
present patterns adopted are based on a full-sized block, 
18 in. by 9 in. by 9 in. ; half and quarter blocks are also 
made, as well as jal shapes, &c. The full-sized blocks 
weigh 42 lb. The equivalent in ordi brickwork 
weighs 90 lb., or in solid concrete 105 lb. The blocks 
are made in steel rnoulds, in the two opposite long sides 
of which pressed two small bosses standing in towards 
the inside about } in. In the bottom of this mould is 
placed a ed q y of mixed concrete, which is 
spread and levelled. An inside mould is then placed 
in position, being held in place by the lugs above referred 
to, tay | a@ j-in. space all round between the two 
moulds. steel frame to act as a funnel is then placed 
over the whole, to guide the concrete down into the 
j-in. space. This concrete is then filled in, and the cover 
removed. Sand is then filled into the inside mould, 
which is then withdrawn, and a measured quantity of 
concrete is laid in a layer over the whole. When set, the 
outer mou!d is opened up. and the sand is removed 
through the small holes left in sides by the distance 
] of the outer mould. The standard thickness 
rm or is ? in. Tests on blocks 1 in. thick show a 
c ing strength of over 50 tons per square foot. With 
resent system of moulds one block can be made 

minutes, but improvements are being introduced 

will materially expedite the process. The blocks 
be made with one or two faces of breeze concrete 
or other material. They can be made on the building 
site without difficulty. The full-sized block is con- 
veniently handled, the holes or hole left in the side 
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Turbine Pumps.’ Proceedings I.Mech.L., 1917, page 361. 





serving as a hand grip, and the weight being convenient 
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ENGINEERING AND ADVENTURE.* 


By P. B. McDowatp, Assistant Professor of English, 
School of Applied Science, New York University. 

Many young men choose engineering as a profession 
because it suggests adventure. Young men of Anglo- 
Celtic ancestry are particularly inclined to seek work 
that interests them, rather t to reconcile them- 
selves to the laborious plodding that characterises 
German method, The yearning for adventure is perfectly 
natural and fitting in a yo Ameriean—or, for that 
matter, in an old-American, The man who discovered 
America took a chance, as did the early settlers and 
pioneers, and it is not strange or discreditable that 
their descendants should hanker for the unknown, the 
a ay , and the romantic. ‘ 

et the vigorous young graduate from an engineering 
coll finds his superiors ad him to settle down 
and form a rut. Industrial ials frown upon adven- 
ture. To them an adventurous spirit is the cause 
for making machinery ‘ foolproof.” young graduate 
is put to counting cars or copyi or samplin 
ore bins. This is the “valuable experience ’ which 
is to compensate for his small salary. His 
& deadened, and he comes to — his aaa os 
of engineering as wrong. Per a few years o 
drudging so sour him that, when be mes a boss, he 
takes out his bad temper on the young graduates who 
come to work under him. 

More serious is the effect upon workmen of putting 
them in charge of a boss who has become constitutionally 
opposed to anything interesting, different or adven- 
turous. Ruskin pointed out many years ago, with 
that strange capacity for socag into the future that 
some Victorians possessed, that the subdivision of labour 
when carried to extremes would make for unrest and 
discontent. A man who spends his days and years 
sharpening the points of pins is likely to provide recep- 
tive material for bolshevistic theories, even though his 
wages seem high. That sarhe man’s ancestors worked 
longer hours for smaller wages, but took their work 


more leisurely and saw more of interest in it, because | P 


their tasks were varied and invited originality. Writers 
of the Middle Ages tell us that in the Merrie England 
of that period men left their work reluctantly atid 
dreamed of their plans for the morrow. The ic 
cathedrals are beautiful and inspiring because the work- 
men were allowed to e themselves. The work was 
not drudgery. Every trade had a guild, somewhat in 
the manner of the modern trade unions, but the spirit 
of labour was quite difterent from that of ne * 

Tho point is that it may not be entirely the fault of 
the employee if he is discontented. The employer has 
thought very little, if at all, about making work interest - 
ing for his subordinates. In the case of engineers, 


officials seem to take a malicious pleasure in showing 
the young man that there is no adventure in eering, 
that it is all a sordid grinding of the nose, that spon- 
taneity and originality are faults, not assets. 

Of course, the employers are partly right. Life does 


not consist of always running to a fire, as Woodrow 
Wilson has pointed out. Much youthful enthusiasm is 
misdirected and sophomoric. But engineering, or life 
itself, need not be entirely a grind. If work can be 
designed to utilise the spirit of adventure inherent in 
American youth, the greatest possible effort should 
be made to permit the expression of such desires. As 
Cc. R, Mann ae concerning engineering education, “ the 
fundamental thing is to get the boys to want to do it.” 

The brief military experience of the United States 
during the late war showed very well what a difference 
enthusiasm makes. While there was a chance of 
adventure, young mén were for the Army and 
would do marvels ; after the armistice was signed, every- 
one was anxious to be discharged as soon as possible. 

Speaking generally, adventure is a state of mind. A 
fat man living in a back street in Brooklyn may have it, 
while a young fellow travelling among gold mines and 
opera bouffé and sefioritas may be absorbed in getting 
back home to the old, familiar routine. Probably the 
fat man would be the more interesting to work for. In 
reading the articles contributed to technical periodicals 
by prominent engineers, it is not difficult to Rieti ish 
those that see work ia the light of romance and ess 
that see only the grindstone. According to the blue 
laws of people of no imagination, the more dry-as-dust 
an ineer is, the more successful he is. Such, how- 
ever, is not always the cave, as is shown by the records 
of engineering life. 

Engineering as a profession should invite creative 
imagination, diverse individualities, men wi new 
ideas, ‘There is no profession offering more real oppor- 
tunities for adventure if properly enco ed. Engin- 
eering can take men to the ends of the ak to exotic, 
colourful places where romance is in the atmosphere 
and each day is an adventure. The engineer in his 
laboratory is frequently probing the unknown, and, 
if his time is not taken completely for routine, he can 
adventure into worlds as inter s as those to which 
the traveller goes. 

Mr. H. G. Wells (who occasionally has a bright 
intuition) maintains that, instead of the world being made 
“‘ safe for democracy,’’ it should be made as favourable as 
possible for personal adventure. People need adventure, 
and the nation which best supplies its people with Oppor- 
tunities for attaining their aspirations, both conscious 
and unconscious, will grow most powerful and persist the 
longest. Mr. A. J, Balfour suggested in one of his essays 
that the real cause for the downfall of Rome, of which 
dissipation and vice were on'y the outward sign, was 
that the ideals foisted upon the Roman people by its 





spontaneity | ' 





* Reprinted from Engineering News-Record, New York, 
January 1, 1920. 


— t were too Oriental to satisfy Western minds. 
industry, likewise,¥~may have become too 
Prussianised, 

Perhaps the Eng ish people have best understood the 
desirability of encouraging the natural craving for 
adventure. Their financiers have taken chances in all 
parts of the world on all kinds of ventures. They have 
not been afraid to ulate in rubber in the East Indies 
or Africa, in tea in Ceylon, in railroads in South America, 
and in gold mines in any part of the world. A Harvard 
rofessor recently suggested that one reason why London 
eals in more commodities than does New York is that 
the American investor will not take the chances that 
an English investor will. The variety of stocks traded 
on the New York exchange is narrow com with 
the extraordinary range of interests on the London 
exchange. We are not so adventurous or so in- 
dividualistic as the English. 

President Hadley Yale P eee am out in a recent 
article that for the past two decades a decided reaction 
has been evident against the extreme individualism of 
Herbert Spencer and other nineteenth-century writers. 
Individ on eaten’ i as being too —— —— 
irregular. Depen diocrity b the policy o 

t industrial companies that had been made possible 
y the individualistic efforts of men of the vious 
generation. As Carlyle caustically remarked, “‘ the end 
of the nineteenth century was characterised by the 
appointing of committees.” Responsibility and authority 
became divi and dissipated, in some cases so 
thoroughly that many great enterprises took on the 
appearance of bureaucracies. A customer writing to a 
large firm about a trivial matter was likely to be “‘ re- 
ferred to clerk 85 of department 207,” thence to another 
official of another department, and so on. Methods of 
German organisation were copied and —. and men 
of pronounced individualistic mind were frowned upon. 

This was the time when engineering ceased to be 
adventurous, and when the chief effort was directed to 
reducing life to the dull level of sharpening the points 
of pins. The men encouraged and promoted were the 
rosaic, obvious ones ranking above their fellows only 
in pushfulness and thick skins or a tendency to be 
deferential to those above. Even the most famous 
American inventor of the time came out with a dictum 
that ius was “perspiration, not inspiration,” dis- 
regarding the tion of the ancient Greeks that a 
thing well done is done easily, overlooking also the 
important matter of natural amg and the advice 
of such leaders as Woodrow Wilson, who recommended 
young men to follow their enthusiasm. 

In an industrial democracy such as the United States, 
the men in control of the country’s industries are, in a 
way, the ruling class. The permanence of what they 
build depends on the nature of the young men whom 
they train to take their places. In too many cases it 
appears that the men advanced in authority were picked 
for the immediate gains that they could show, and not 
enough for the ultimate effect on the business. Men of 
narrow mind oo ey in the ger seme to aes 
temporary profits, at the expense of ultimate trouble in 
the Form of labour unrest and eral discontent. Such 
a polity is better in the flower than in the fruit. 

't is too much to hope, of course, that industrial leaders 
shall be philosophers in the sense that Plato wished 
kings to be philosophers, but it is not a radical sugges- 
tion to recommend that the men chosen to direct 
important industries and undertakings should be some- 
what broader in views than has been the case of recent 
years. There should be a return to individualism to 
the extent that recognition be made of the need for 
capable leaders and diverse personalities. Genius and 

t, even in industrial fields, are liable to be capricious, 
and everything cannot be reduced to a system; even 
Henry Ford has remarked that there will always be 
some things on which we have to take a chance. 

As applying to young engineers, the point is that 
rather than encourage them to settle down when their 
natures are opposed to it, employers should give some 
thought to turning youthful enthusiasm to legitimate 
effort without making the engineer into an engine. 
More of the present Tebow unrest than is generally 
recognised is the result of the mechanising of work and 
of the application of the wrong kind of “ efficiency.” 











THE CoLuision at Carstarrs.—On the afternoon of 
October 26 a collision occurred at Carstairs Station, on 
the Caledonian Railway, when an incoming train ran 
into one already standing at the platform. Traffic 
working was irregular at the time owing to the effect of 
the strike, and trains were not running to the ordinary 
programme. However, this should not have had any 
material influence on the affair. As a train was already 
standing at the platform, the incoming train was given 
the outer home signal and the calling-on signal, the 
latter being carried under the inner home signal. Under 
Rule 43 the train should have been brought to a standstill 
at the inner home, before being given the calling-on 
signal. This was not done. The driver had seen coache; 
drawn clear of the platform road, and concluding this 
line was clear for him, proceeded at a speed which, under 
bad conditions of the rails, made it impossible for him 
to pull up in time to avoid a collision with the train at 
the platform. The rails r to have been very 
at the time, and the engine wheels locked. Had they 
been dry it appears probable that he could have avoided 
the accident, but Major Pringle, in his report, considers 
that under the circumstances the speed was too great, 
and the driver was taken by surprise when he found the 
spre line occupied, instead of being prepared, as 

should have been for such an eventuality. It is 
inted out that there is a tendency for accidents arising 


m “‘ calling-on”’ mov ts to and t 








adherence to Rule 43 is recommended. ' 





CATALOGUES. 
Eléctrie Fittings —The British Insulated and Helsby 
‘Cables, Limited, of Prescot, senda copy of their general 
catalogue printed in Spanish. The catalogue d with 


cables, tramway fittings, and a great variety of other 
manufactures. 

Concrete Forms.—The Blaw-Knox Company, Pitts- 
burg, Pa., U.S.A., are makers of a series of steel forms 
for concrete construction suitable for roads, paths, curbs, 
gutters, tunnels and buildings. The design. provides for 
rapid and accurate erection. The importers are Messrs. 
Gaston, Limited, 20, Bishopsgate, E.C.2. 


Electric Switch Cubicles.—The General Electric Com- 
y, Limited, of 67, Queen Victoria-street, London, 
.C. 4, send a leaf catalogue of their steel truck type 
switch cubicles for generator, motor and feeder control, 
which are especially suitable for use where floor space 
is limited, and are designed for any voltage-up to 6,600. 
Telegraphs and Telephones.—A booklet issued by the 
Sterling Telephone and Electric Company, Limited, 
210, Tottenham Court-road, London, W.1, contains 
about 40 excellent illustrations, mainly of their works at 
Dagenham, Essex, where as many as 2,500 employees 
were engaged during the war. The company makes 
telephones, wireless seeren® instruments, mine-signal- 
ling apparatus and electric bells and indicators in great 
variety. 

Concrete Block-making Machine.—A _hand-operated 
machine for making solid or cored building blocks up 
to 18 in. by 9 in. by 4} in., is shown in a catalogue 
received from Messrs. R. G. Whittaker, Limited, of 
22, Southwark Bridge-road, London, S8.E. 1. Up to 
300 blocks per day can be produced with one machine. 
The slabs are made vertically, and they are drawn from 
the mould and delivered at a convenient height for 
removal, 


Electric Meters.—We have received from the Metro- 

litan Vickers Electric Company, Limited, of 

anchester, catalogues describing the following instru- 
ments: An induction-type frequency meter superseding 
the earlier resonance type; round case alternating- 
current or direct-current ammeters and volt meters with 
enclosed or open dials; p»lyphase watt-hour meters 
for three or four-wire circuits with clock or pointer dials 
or cyclometer-type indicators. 


Motor Car Accessories.—A set of catalogues of motor- 
car accessories from Messrs. 8S. Smith and Sons (M.A.), 
Limited, of 179, Great Portland-street, London, W. 1, 
deals with startang and lighting equipments, magnetos, 
carburettors, storage batteries, constant-current dyna- 
mos, sparking plugs, speedometers, and many instru- 
ments, tools and special attachments. The catalogues 
are accompanied by instruction books containing very 
clearly-written explanations of the methods of ing, 
maintaining and detecting faults in the various accessories. 

Forgings.—The Uskside Engi i Company, 
Limited, of Newport, Mon., at pes AE showing 
some examples of their heavy forgings in mild steel, 


high steel. and hammered iron. Crankshafts, 
cranked axles, ship stern frames and rudders, heavy 
shafts (flan, | plain), die-blocks and all classes of 


heavy and light forgings are produced. The firm, like 
most forgemasters, have a fine equipment of heavy 
machine tools, and can deliver their forgings partly or 
fully machined if required. 

Travelling Cranes.—Bridge cranes, telphers or mono- 
rail cranes, and locomotive jib cranes, are the special 
subjects of a 100- catalogue received from the Link 
Belt Company, of Chicago, U.S.A. A large p rtion 
of the illustrations show the conditions under which these 
machines may be used, but particulars of the construction 
are also given. The cranes are generally driven electri- 
cally, but steam may be employed as an alternative in 
the case of locomotive cranes. The makers state that 
direct-current motors should be used wherever ible, 
and that they are essential for moving such loads as 
foundry moulds and cores which must be very carefully 
handled. The catalogue gives very full information. as 
to lifting power, hoisting and travelling speeds, clearances, 
weights, &c. 

Haulage Machinery.—Messrs. Hugh Wood and Co., 
Limited, of Newcastle-on-Tyne, specialise in the quantity 
production of haulage machinery, which they make in 
sizes ranging from 10 h.p. to 50 hip. The machines 
consist of a compact, sturdy frame carrying single or 
double rope drum, driven by electric motor or steam 
engine, or by rope or belt pulleys. In at least one type 
the oscillating steam cylinder is still used, two cylinders 
of 5-in. bore and 8-in. stroke, developing 20 brake horse- 
power on 60 lb. steam pressure at 276 r.p.m. ‘The 
machines are used for level or inclined haulage work, 
or as hoists by carrying a rope through a block on a 
beam or other support. These machines, though used 
for rough work, are made to precise standards, and are 
of high quality materials. 








Biast Furnaces in Beterum anp Lorratne.—The 
following figures, published in The Board of Trade 
Journal, show the number of blast. furnaces operating 
in Belgium :— 

Furnaces Not 
Existing. Working. Working, 

July 1, 1919 weak’ 0) ae 3 53 

December 1, 1919 ... 56 12 44 


The following blast furnaces are now working in the 
Lorraine basin: Hagondange, 4 out of 6; _Rombas- 


Maizieres, 4 out of 12 ; Knutanges, 5 out of 10; Uckange, 
2 out ~ 3; Audun-sur-Tiche, 2 out of 3; and Hayange, 
3 out of 6. 











FEB, 6, 1920.] 


G. 











‘“*ENGINEERING” ILLUSTRA’ D PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919, 
The number iven in the 1s stated 

du eaub cose; eohate none te sectioned the Opooiiention ‘2 et 


illustrated. 
Where inventions are i "ig ae eats éc., 
of the Communicators are given in italics. 
7) i may be obtained at the Patent Office, Sales 
¥ Buildings, Chancery-lane, W.C., at 
Lap gee oy 
The date of advertisement of the 
ion is, in each case, given after abstract, unless 
has been sealed, when the word “ 


the 
Sealed” is . 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


135,272. G. H. Bentley, Westminster, London, and 
E. G, Appleby, Westminster, London. Gas Generators. 
1 Fig.) November 18, 1918.—This invention relates to apparatus 
‘or feeding fuel to gas generators into which the fuel is fed by 
means of a rotary drum which delivers it on to a cone, the drum 
being rotated about two axes at right angles to each other. 
According to this invention, the drum is mounted so that it 
delivers fuel centrally into the mouth of the generator. The 
drum is mounted u a horizontal shaft to which is keyed 
a toothed wheel meshing with a fixed ring of teeth, and upon a 
frame, in which the drum, together with its shaft, is carried, is a 
horizontal ratchet ring adapted to be driven by a pawl so that 
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the drum is rotated about a vertical axis by means of the ratchet 
ring, and is also rotated about a horizontal axis by means of the 
toothed wheel and fixed ring of teeth. ais an orifice leading toa 
feed drum 6 of ordinary construction, on a shaft c, to which is 
keyed a toothed wheel d meshing with a fixed ring of teeth e. 
Upon a frame in which the drum b together with{its shaft ¢ is 
carried, is a ratchet ring g driven by a pawl h, mounted ona 
—s leveri. The frame f is mounted on balls j and is kept 
in position by guide rollers k. The escape of gas is prevented 
by means of a water seal J at the top of the frame, into which 
seal extends a ring m on the orifice a, and at the bottom of the 


frame f is another ring extending into a water sealn. (A 
December 3, 1919.) 





135,342. S. Z. Hall, Westminster, London, and H. J. 
Marshall, Gainsborough. Oil Engines. (7 Figs.) Decem- 
ber 16, 1918.—This invention relates to the construction and 


arrangement of cylinders and bedplates, together with the ports 
that are to be employed therewith for oil engines. The invention 
consists in casting the cylinder of the engine in an overhun 

manner in‘one with the bedplate, and arranging that the cabal 
opening in the cylinder casting shall be in open communication 
with an outlet on the overhanging part of the cylinder. The 
cylinder a is cast in one with the bedplate b. A rectangular- 
shaped opening f adjacent to ports in a liner communicates 























with a circular outlet g at the end, and preferably on the under- 
side of the casting, being forthis pe or continued by a passagef1 
to a position near the end of the cylinder. Upon this underside 
is provided a facing to suit an ordinary circular flange h, making 
the cylinder to project or to overhang just as far beyond the 
bed a of the engine as will enable the flanged surface of the 
exhaust outlet to be quite free from the casting, in orler that an 
ordinary flanged pipe may be connected thereto and the direction 
of the pipe varied to suit the convenience or the necessity of the 


— Tune. such away from the engine. (Accepted 


of a Complete| 
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s ‘Jin fixed relationship to the subframe between the brake drums 
MINING, METALLURGY, AND METAL WORKING. on the dri axe. The cebframe 1 is made sppccsimataty 
x . H. Ritson, Gateshead-on-Tyne. Crucible | triangular in , the base of the triangle being form 
ol . Hs ” July 10, 19. Accondine to this cone back axle 2, and the apex 3 being jointed to the chassis 4 
tion, a crucible or like furnace is provided with a metal te | in such manner as to permit the back axle 5 to rise and fall and 
ha hangers or depending brackets which support the fire- , | to rock transversely ag se to the chassis 4 under the action 


and are formed in one with and/or support perforated side plates 
which permit air to enter the fire at the sides in addition to that 
entering from beneath between the fire-bars. The crucible 


furnace illustrated comprises a fire chamber a surrounded by 
firebrick b, supported by a metal base plate ¢ carried by brick- 


Fig. 7. 


Fig.2 





work d. The fire-bars ¢ are supported by metal hangers /, which 
are formed in one with ¥ ay eee side plates g and carry per- 
forated side plates A. e hangers f are attached to the base- 
plate c by studs and nuts, the studs passing through slotted lugs 


— 6. k axle assemblage ri 4 comprise 
ifferential gear and attachments for the a 6 in the well- 
known manner. A shaft 8 is mounted on the subframe 1, parallel 
to the back axle 5, and fixed thereto is a chain wheel from which 
motion is communicated to a similar gear wheel on the dri 
axle or differential, such transmission gearing being 

inside a gear-case 7 and mounted in fixed relationship to the sub- 
frame 1. The shaft 8 is adapted to receive the driven wheel 11 
of the friction gear in such manner that vhe wheel and shaft 
rotate together but the wheel can be displaced axially, in the usual 
manner with this type of r. The driving friction disc 12 
is fixed on the rear end of the propeller shaft which is suitably 
mounted on bearings carried on the subframe 1, and enclosed 
inside a tubular casing 13, the forward end of the said shaft being 
jointed to the engine shaft 14 by a universal coupling as nearly 
as possible concentric with the joint 15.of the subframe 1 to the 
chassis 4. (Accepted December 3, 1919. 


PUMPS. 


134,909. The Veen, Spans Gear, Limited, West- 
J. mn, Westminster, London. 
(2 Figs.) November 11, 1018.—This 
invention relates to pumps and motors of the kind comprisin 
a rotary cylinder barrel which is formed with a number o 
cylinders whose open ends terminate at a surface which moves 
in contact with a valve plate provided with suitable ports, one 
of which serves as a pressure port and the other as a suction or 


exhaust port. Theinvention is particularly intended for use with 
the t of variable-speed hydraulic transmission gear known 
as the 


anney, in which the valve plate is flat and serves to divide 
the pump uni 

bearing against the opposite faces of this valve plate. Accordin 
to this invention, the valve plate is furnished with a combin 
replenishing and relief valve device composed of two main 
portions ; of these the replenishing valve portion controls a port 


t from the motor unit, the two cylinder barrels 





and —w having their heads tersunk into the plate. 
The side plates A are loose and are slipped into slots in the 
yy f. If desired, the side plates g can also be made loose, 
or the side plates h may be made in one with the hangers. pis 
the en ine rests in the coke fire as usual. (Accepted 


MOTOR ROAD VEHICLES. 


134,933. A. R. Grindlay, Coventry, and Grindlay 
(Coventry), Limited, Coventry. Sidecar Bodies. (2 Figs.) 
November 14, 1918.—This invention relates to the spring sus- 
pension of sidecar bodies. In the present invention, a pair of 
springs are mounted at their centres upon a tubularcross-member 
upon which the body rests. The springs are thus connected 
together by the tubular member. Two leaf springs A, B are 
mounted intermediate of their ends to lie on the underside of a 
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tubular member C, adapted to connect them together. The 
sidecar body D rests upon and is attached at its rear part to the 
tubular member C, and the springs A, B, are spaced apart to 
lie below and near the sides of the body. The forward ends of 
the springs are connected to a second tubular member E, which 
lies beneath the sidecar body and forms a second support for it. 
The rear ends of the springs are connected to a cross-member F 
forming the rear part of the chassis. (Accepted November 26, 
1919.) 


135,377. A. G. Grice, Maidenhead. Friction Dri 
Gears. (3 Figs.) January 28, 1919.—This invention relates 
to variable-speed driving gear for motor cars of the well-known 
“disc and wheel” type. The invention consists in mounting 





the variable-speed friction driving gear on a subframe universally 
jointed to the chassis frame, in combination with transmitting 
the motion of the driven shaft of the friction gear to the oreo | 
axle (with or without differential gear) by chain gearing moun’ 


or p in the relief valve portion, thro which port or 

e liquid can pass to the suction or exhaust port in the 
valve plate and the relief valve portion controls a passage by 
which liquid can escape from the pressure port when the pressure 
in the cylinders exceeds a predetermined amount. The relief 
valve portion preferably comprises a spring-controlled piston 


working in a cylinder having a passage communicating with the 
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casing of the pump or motor, and another passage communicating 
with one of the aforesaid ports of the valve plate, the spring 
(which is preferably adjustable) normally holding the piston in a 
position in which it cuts off communication between the two 
gor ge? the replenishing valve portion preferably comprises 
@ ball which normally closes an axial hole in the piston. A is 
a piston constituting the relief valve portion of the device, this 
piston being slidably bn yey in a = cavity B in the 
valve plate and being held on its seating by a spring C, whose 
outer end bears against a screw-threaded plu 
the outer end of the cylindrical cavity. The P ton A is formed 
with longitudinal slots to allow free passage of the liquid when the 
valve is lifted from its seating. E is a passage communicating 
with one of the ports F in the valve plate and G is a 
communicating with the casing of the = or motor. 
piston A is formed with a central hole Rg at the outer end of 
which is arranged a ball valve H, which is shown as being held 
on its seating at the end of the hole Al by a light spring H1. 
Each valve plate is provided with two of the devices shown in 
the drawings, one appertaining to each of the ports of the valve 
plate, and the casing of the — or motor is placed in com- 
munication with a replenishing tank containing a supply of liquid 
to make up for leakage and to allow expansion PP the liquid 
in the casing to occur, (Accepted November 26, 1919.) 


RAILWAYS AND TRAMWAYS. 


133,723. G. H. Sheffield, London, and F. R. 
Co., Limited, London. Axle-Box Guards. (18 Figs.) 
May 28, 1918.—This invention relates to axle-box rds for 
railway rolling-stock of the kind formed as an articulated structure 
by means of separate parts bolted or riveted ether. The 
invention consists in an axle-box guard of the kind referred to, 
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screwed into 
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onal plates, webs or pressed 


eomprising separate vertical and d 
parts bolted or otherwise secured reinforcing members and 
secured at their upper ends to members egg emg A 
to the main sill of the underframe. There 

channel member forming the main eill a of the 





to 
underframe of the vehicle, a standard pressed or rolled channel 
section b being of length to suit the construction of axle-box 
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guard which is to be secured thereto, and being secured to the 
main sill by bolting or riveting, a formed plate (not shown) being, 
if necessary, arranged upon the inner face of the channel of the 
sill in order to provide a flat bearing surface for the bolt heads 
or nuts. The channel b may be positioned as shown, or it may 
be inverted. When constructing a double axle-box guard, 
as shown, for the purpose of centralising the load, each part 
of the guard may be formed from two vertical plates ¢ and two 
inclined or diagonal plates d, such plates being perfectly plain, 
but requiring no cranking or setting, and being riveted at their 
upper ends to the sides of the upper channel section b. The 
lower ends of the vertical plates are riveted to the channel 
section e forming the axle-box guard, such channel section 
being conveniently, though not necessarily, of the same form and 
size ag the upper channel section which is secured to the sill 
and being, if desired, fitted with a vertical wearing strip to suit 
any standard axle-box. The upper and lower ends of the vertical 
and diagonal plates, or the whole of such, are reinforced and 
strengthened by set i f, to which they are attached 
by riveting, and the whole forms an articulated structure which 
may be very simply and cheaply formed and ~~ and readily 
arranged in position upon the vehicle. (Sealed. 


135,082. F. Spencer, London. Buffer Springs. (2 Figs.) 
February 21, 1919.—This invention relates to buffer or other 
springs of the kind comprising two or more india-rubber > 4 
arranged concentrically one within the other, and to which 
moulded a metal plate formed with perforations, through which 
extend india-rubber fillings that connect the india-rubber rings 
at opposite sides of the plate together and maintain the india- 
rubber rings at the desired distance apart. According to the 
present invention, annular shoulders for the outer india-rubber 
rings or recesses to receive the outer india-rubber rings, and it 
may be other recesses to receive the other india-rubber rings, or 
some of them, are formed by rings of vulcanite or other suitable 








comparatively hard rubber moulded on to the metal plates, 
which may each be perforated to receive rubber fillings that 
connect the vulcanite rings at —— sides of the plate. The 
spring element illustrated comprises three india-rubber rings a 
arranged concentrically one within the other, and having moulded 
into them a metal plate b formed with perforations having india- 
rubber fillings that connect the portions of the india-rubber 
rings a at both sides of the plate. In the spring shown recesses 
to receive all the india-rubber ~~ a are formed by vulcanite 
rings g moulded on to plain metal plates 6 which, as shown, 
may each be perforated to receive rubber fillings that connect 
the vulcanite rings at opposite sides of the plate. (Accepted 
November 26, 1919.) 


134,120. Gloucester Railway Carriage and Wagon Com- 
pany, Limited, Gloucester, and F, Gibbins, Gloucester. 
Buffers. (1 Fig.) January 2, 1919.—This invention relates 
to buffers adapted for use with railway wagons. The buffer 
consists of two cylinders a, d, one of which a is capable of sliding 
within the other, and a buffer head f upon which is a central boss g 


© 











whose outside diameter is equal to the inside diameter of the 
cylinder d, and, according to this invention, in order to connect 
the buffer head to the cylinder d the buffer head is grooved to 
receive the end of the cylinder as is also the boss, and the cylinder 
end is first inserted into the groove in the buffer head and the 
cylinder is pressed on to the boss so that its wall is deformed to 
enter the groove. (Accepted November 5, 1919.) 


STEAM ENGINES, PRODUCERS, HOLDERS, &c. 


135,442. G. W. Hudson, Armley, Leeds. Cleaning 
aubes. (7 Figs.) June 25, 1919.—This invention relates to 
apparatus for internally scraping, scouring and cleaning tubes, 
more especially apparatus for this purpose of the type in which 
a flexible pressure head built up from spring steel blades in the 





form of a cone or cup, and having an expanding and contracting 
leather bucket lining or dia, , is attached in front of the 
ploughs and is adapted for pro ion by fluid pressure, so as to 
= the ploughs along, the detached incrustation and other 

ebris following with the main body of water or fluid. According 





to the invention, the plough or cutteris built up from a series of 
double-bladed flat steel cutter plates A, which are centrally and 
longitudinally slotted and interlocked together in cruciform or 
star formation, and then slid into a barrel C having a corre- 
sponding series of longitudinal slots thereby, fo a cylindrical 
plough or cutter having any desired number of blades. This 
construction of plough or cutter resistance, gives a 
better clearance for water and debris, and enables the machine 
to be worked with a lower fluid pressure. The barrel C is adapted 
for connection by nut or screwed socket F and universal-jointed 
link F in the ordinary manner. December 3, 1919.) 


133,921. J. E. Raworth, Westminster, London, (la 
Combustion Rationnelle (Societe Anonyme), Paris, France.) 
Combustion of Pulverulent Fuel. (2 Figs.) June 2, 1919.— 
In accordance with this invention, the pulverulent fuel is intro- 
duced within a combustion chamber as a film or curtain simul- 
taneously with a — of the air required for its combustion, 
the fuel being contained between two layers of preheated air and 
directed downwardly, and subsequently, after combustion has 
been partly completed, additional air is supplied at a point below 
that at which the fuel is introduced. The pulverulent fuel is 
delivered by a pipe 1 into a pipe 2 which is connected with a 
supply of air under pressure, The mixture of air and fuel passes 
through a flattened nozzle 3 into a distribution box 4, and is 
directed on to an inclined wall thereof. The fuel 5 is thus caused 
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Fig. 2. 
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to spread into a thin layer, is guided to the lower end of the box, 
which passes into a long and narrow transverse slot 6 in the arch 
of the furnace. The fuel and the conveying air emerge in the 
form ofathin film. The openings 8, Fig. 2, provided with shutters, 
enable the air drawn into the furnace by aspiration in the box 4 
to be replaced.. The arch 9 of the furnace through which the fuel 
is introduced is double and air is blown into the space 10 
through a series of tubes 11, Fig. 2. The discharge nozzle for 
the fuel penetrates the slot in the interior arch slightly below the 
space 10. There is sufficient space between the thickness of the 
nozzle and the width of the slot to enable the air blown through 
the sage 10 to pass in the form of two thin layers enclosing 
the film of fuel where it enters the furnace. (Sealed.) 


135,440. Scotts’ Shipbuilding and Engineering Com- 


pany, Limited, Greenock, and D. R. Hutchinson, Greenock, | 


Engine Crossheads. (3 Figs.) June 17, 1919.—This invention 
relates to engine crossheads of the kind formed with a large 
bearing surface on one side of the cross-pin, through which the 
thrust is transmitted, and with oppositely disposed smaller 
bearing surfaces to take any pressure in the opposite direction. 
A saddle-piece 2a, on the piston rod 1, rests —_ a separate 
cross-pin 2b, which provides a long uninterrupted ring surface 
for the lower bearing brass or shell 3a of the connecting rod 5, 


























whilst the saddle-piece affords shorter bearing surfaces, one on 
each side of the piston rod, for the cap portions 4a, 4a, of the 
connecting rod. The cap portions 4a, 4a, and the connecting 
rod 5, are shown secured together in the usual manner by bolts 6. 
The cross-pin may be cored or holed and the bearing may be lined 
with aati-friction metal as illustrated, whilst the upper walls 
of the lower panes 3a of the bearing may be cut away as at 8, 
if necessary, to obtain the required degree of movement 
of the connecting rod about the cross-pin. 9, 9, are the crosshead 
slippers adapted to work in the usual manner in crosshead guides 


(not shown). The piston rod 1 and saddle-piece 2a are shown 
connected by means of a cotter 10 passing through suitable 
openings in the sleeve portion 11 of the saddle, and in the piston 
rod, but they may be connected in any other suitable manner, 
as by means of bolts. (Accepted December 3, 1919.) 


134,141. H.E. Yarrow, Glasgow. Water-Tube Boilers. 
- Figs.) February 8, 1919.—The invention relates to means 
or increasing the circulation of the water in water-tube boilers. 
According to the invention, which relates to the t; of boiler 
such as the Yarrow, in which nests of tubes connect the water 
drums with the steam and water drum, one or more propellers 
are arranged in the water drum so as to promote the upward 
circulation of the water in the more highly heated tubes of the 
nest and the downward circulation in the less heated tubes. 
A is the steam and water drum B, one of the water drums, D is 


Fig./. 
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a pou placed in the drum B, E is a motor driving the pro- 
er. H is a firebrick screen placed at one end of the boiler 
ween the steam drum A and a water drum B for the purpose 

of preventing some or all of the tubes to the right of the pro- 

we er from being exposed to the heat of the fire. The wall H 

is shown as extending half way from the end of the drum to the 

on gee D, but it may extend over the whole of this space. 
he propeller draws the water down tubes G disposed on its 





right and delivers it to the steam drum A by tubes G disposed on 
| its left. (Sealed.) 


| MISCELLANEOUS. 


135,435. W. Hacco, Newton, and Clyde Nail Company, 
Limited, Newton. Nail-making chines. (1 Fig.) 
May 29, 1919.—This invention relates to nail-making machines 
for the production of cut nails, tacks. According to the inven- 
tion, the driving member of the toggle device is formed as a wedge 
pivoted to the beam and bearing on the periphery or peripheries 
of the crank disc or crank discs, or on a stationary disc or the like. 
1 denotes the beam which carries the upper knife 2. The beam 1 
is pivoted at 3 and receives rocking movements from a crank-pin 
carried by a disc 4, the crank-pin acting through a connecting 
rod 5. Pivoted to the beam 1 is the upper end of a wedge 








element 6, which constitutes the driving member of a toggle device 
and bears against the disc 4. Jointed to the lower end of the 
wedge element 6 is one end of the driven toggle member 7, the 
opposite end of which is pivotally connected to the slide 8 that 
carries the back 9, co-operating in the usual manner with the 
forward die 91 to grip the blank after it has been cut. 10 denotes 
a tension spring serving to effect the return movement of the 
slide 8. It will be seen that in the rocking movement of the 
beam 1 the wedge element 6 will be displaced so that the wedge 
action will be added to the normal action of the toggle device 
in effecting increased travel to the slide 8. (Accepted Wocanter 3, 
1919. 





A Swepise Bank IN THE Saar District.—On the 
initiative of merchants and manufacturers in the Saar 
district, says Swedish Export, a neutral bank has been 
formed to carry on ordinary banking operations in that 
district. Both Swiss, Dutch and Swedish capital is 
interested in the bank ; but the majority of the shares 
are held by Swedes. The Swedish firm which holds this 
majority is the ing concern of A. V. —— and 
Co., of Stockholm. The name of the bank is Schwedische 
Saarbank A. B., — Banque Suédoise de la Sarre, S. A. ; 





and the share capital is 8,000,000 reichsmarks. 





